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3.3.6.8 POLYNOMIALS (PACKAGE BODY) TLCSC P688 (CATALOG #P722-0)

This part is a package of packages. It contains specifications for all the
polynomial functions required by the rest of the CAMP parts. Each subpackage,
except General Polynomial, contains function(s) for one type of polynomial
(i.e. Hastings, Taylor series, etc.). These parts provide standard
mathematical functions such as trigonometric and square root functions.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.1 REQUIREMENTS ALLOCATION

Name I Type I Requirements Allocation I

I Chebyshev I package I R214
I ContinuedFractionsl package I
Fike package R215
Hart package R216
Hastings package R217
Modified package R220
Newton_Raphson
NewtonRaphson package R221
Taylor Series -.package R222
General-_Polynomial package partially meets CAMP

Irequirements R214 thru
R222

SystemFunctions package R223

3.3.6.8.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.3 INPUT/OUTPUT

None.

3.3.6.8.4 LOCAL DATA

None.

3.3.6.8.5 PROCESS CONTROL

Not applicable.

Sj
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3.3.6.8.6 PROCESSING

The following describes the processing performed by this part:

with Math Lib;
package body Polynomials is

package body Chebyshev is separate;

*package body Cody_Waite is separate;

package body ContinuedFractions is separate;

package body Fike is separate;

package body General_Polynomial is separate;

package body Hart is separate;

package body Hastings is separate;

package body ModifiedNewtonRaphson is separate;

package body Newton Raphson is separate;

package body SystemFunctions is separate;

package body Taylor-Series is separate;

package body ReductionOperations is separate;

end Polynomials;

3.3.6.8.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.8 LIMITATIONS

None.

3.3.6.8.9 LLCSC DESIGN
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3.3.6.8.9.1 CHEBYSHEV PACKAGE DESIGN (CATALOG #P723-0)

This package contains a generic packages providing polynomial solutions to the
sine function with inputs of Radians, Degrees, or Semicircles.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.1.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R214.

3.3.6.8.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.1.3 INPUT/OUTPUT

None.

3.3.6.8.9.1.4 LOCAL DATA

. None.

*3.3.6.8.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body Chebyshev is

package body ChebyshevRadianOperations is sepa.rate;

package body ChebyshevDegreeOperations is separate;

package body ChebyshevSemicircleOperations is separate;

end Chebyshev;

3.3.6.8.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.



CAMP Software Detailed Design Document Page 1438

3.3.6.8.9.1.8 LIMITATIONS

None.

3.3.6.8.9.1.9 LLCSC DESIGN

3.3.6.8.9.1.9.1 CHEBYSHEVRADIANOPERATIONS PACKAGE DESIGN (CATALOG #P724-0)

This generic package contains functions providing a Chebyshev polynomial
solution for the sine function. Provisions are made for the function to handle
units of radians. Outputs are of type sin cos ratio.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog #

I Sin_RSterm I P725-0

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.1.9.1.1 REQUIREMENTS ALLOCATION

This part partially meets dAMP requirement R214.

3.3.6.8.9.1.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.1.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

j Name Type I Description

Radians Floating point I Allows floating point representation of
radian measurements.

Real I Floating point I General floating point representation.
Sin Cos Ratio I Floating point j Represents sines and cosines.

Tan-Rat-io Floating point Represents tangent values.

Data objects:
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The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I OneOverPi I Radians I constant I constant value of inverse of Pi I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

:1I "*" I function I Overloaded operator to multiply radians * radians I
I I I yielding a real result.

FORMAL PARAMETERS:

1 The following table describes the formal parameters for the functions contained
in this part:

[f !.Function Name I Type .1 Description I

I Sin_R_5term I Input I Radians i Input of angle for sine calculation I

3.3.6.8.9.1.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name Type Value I Description i

Sin R CO I constant I 1.34752 631 I Coefficient for calculation
Sin-R-Cl I constant I -1.55659 125 I Coefficient for calculation
Sin-R-C2 I constant 0 O.22275-7911 I Coefficient for calculation
Sin-R-C3 I constant I -0.01419-31743 I Coefficient for calculation
Sin-R-C4 I constant I 0.00051-19072 74 I Coefficient for calculation
Sin-R-B5 I constant I -0.00001-18935-046 I Coefficient for calculation

3.3.6.8.9.1.9.1.5 PROCESS CONTROL

Not applicable.



CAMP Software Detailed Design Document Page 1440

3.3.6.8.9.1.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Chebyshev)
package body ChebyshevRadianOperations is

Sin R CO : constant := 1.34752 631;
Sin-R-C2 : constant := -1.55659-125;
Sin-R-C2 : constant := 0.22275-791 ;
Sin 'R"C3 : constant :- -0.01419-31743;
Sin"R-C4 : constant := 0.00051-19072 74;
Sin-R-B5 : constant :- -0.00001-18935-046;

function SinR_5term(Input : Radians) return SinCos-Ratio is

InterResult 4 : Real;
InterResult 3 : Real;
Inter-Result-2 : Real;
InterResult-1 : Real;
Inter -Result-0 : Real;

eResult : Sin CosRatio;
Y : Real;
Ysquared : Real;

begin
Y := Input * OneOverPi; -- converts radians to semicircles
YSquared := Y *Y;
Inter Result 0 :- 4.0 * Y Squared - 2.0;
InterResult-4 := Inter Result 0 * Sin R B5 + Sin R C4;
Inter-Result-3 :- Inter-Result-0 * IntirResult4---Sin R-B5 +

Sin RC3; .
InterResult 2 := Inter-Result 0 * Inter Result 3 - Inter Result 4 +

Sin_RC2; .
InterResult_1 := Inter Result_0 * InterResult_2 - InterResult_3 +

Sin RCl;
InterResult 0 := Inter-Result 0 * InterResult_1 - InterResult_2 +

Sin_RCO;.
InterResult_0 :- (Inter Result 0 - (2.0 * Y_Squared - 1.0) *

Inter-Result 1) * Y;
if Inter Result 0 > 1.0 Then

Inter Result-0 := 1.0;
elsif InTer Result 0 < -1.0 then

Inter Result_0 := -1.0;
end if;
Result := Sin CosRatio(InterResult_0);
return Result*

end Sin_R_5term;

end Chebyshev.RadianOperations;

3.3.6.8.9.1.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.
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' 3.3.6.8.9.1.9.1.8 LIMITATIONS

None.

3.3.6.8.9.1.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.1.9.1.10 UNIT DESIGN

None.

3.3.6.8.9.1.9.2 CHEBYSHEVDEGREE OPERATIONS PACKAGE DESIGN (CATALOG #Pl088-0)

This generic package contains functions providing a Chebyshev polynomial
solution for the sine function. Provisions are made for the function to handle
units of degrees. Outputs are of type sin cos ratio.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _# I

I Sin_D_5term I P727-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.1.9.2.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R214.

3.3.6.8.9.1.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.1.9.2.3 INPUT/OUTPUT

* GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

A.'RI R AZU"?-A,
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I Name I Type I Description

Degrees I Floating point I Allows floating point representation of I
I I I degree measurements.
I Real I Floating point I General floating point representation. I
I Sin Cos Rario j Floating point I Represents sines and cosines. I
I Tan Ratio I Floating point I Represents tangent values.

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I One_Over_Pi I Degrees I constant I constant value of inverse of Pi I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I if*" Ifunction IOverloaded operator to multiply degrees * degrees
yielding a real result. I

FORMAL PARAMETERS:

The following table describes the. formal parameters for the functions contained
in this part:

I Function I Name I Type I Description I

I Sin D 5term I Input I Degrees I Input of angle for sine calculation I

3.3.6.8.9.1.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

.,
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I Name I Type I Value I Description I

Sin D CO constant 1.34752 631 Coefficient for calculation
Sin-D-Cl constant -1.55651 125 Coefficient for calculation
Sin-D-C2 constant 0.22275-7911 Coefficient for calculation
Sin D-C3 constant -0.01419-31743 Coefficient for calculation
Sin D-C4 constant 0.00051-19072 74 Coefficient for calculation
Sin D-B5 constant -0.00001-18935-046 Coefficient for calculation
One-OVer 180 constant 0.00555 _55555 - Conversion constant

3.3.6.8.9.1.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.1.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Chebyshev)
package body ChebyshevDegreeOperations is

Sin D CO : constant := 1.34752 631;
Sin D C1 : constant := -1.55659-125;

* Sin-D-C2 : constant : 0 0.22275-7911;
Sin-D"C3 : constant := -0.01419-31743;
Sin-D"C4 : constant :- 0.00051-19072 74;
SinDB5 : constant :- -0.00001-18935-046;

OneOver_180 : constant :- 0.00555555555;

function Sin_D_Sterm(Input : Degrees) return Sin_CosRatio is

Inter Result 4 : Real;
Intec-Result 3 : Real;
Inter-Result-2 : Real;
Inter-Result-1 : Real;
Inter-Result-O : Real;
Resuli - : Sin CosRatio;
Y : Real;
Y_squared : Real;

begin
Y :. Input * OneOver_180; -- converts degrees to semicircles
YSquared :- Y *-Y;
Inter Result 0 := 4.0 * Y Squared - 2.0;
Inter Result-4 := Inter Result 0 * Sin D B5 + Sin D C4;
Inter-Result-3 := Inter-Result-0 * Inter-Result4-Sin DB5

+ Sin_D_-C3;
Inter Result_2 := Inter Result 0 * InterResult_3 - InterResult_4

+ Sin DC2;
InterResult_1 := Inter-Result 0 * InterResult_2 - InterResult_3

+ Sin DC1;
InterResult_0 := InterResult_0 * InterResult_1 - Inter Result_2

-,a -W 1-2 .1' .jW .1. .ra. Ir -M WI .. Ae 4A WK'%R .U1fWVl.K b1 "A.M X h" k~. j
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+ Sin D CO;
InterResult_0 := (Inter Result 0 - (2.0 * YSquared - 1.0) *

InterCResult_1) * Y;
if Inter Result 0 > 1.0 then

InterResult-O := 1.0;
elsif Inter Result 0 < -1.0 then

InterResultO .- -1.0;
end if;
Result := Sin CosRatio(InterResult_0);
return Result;

end Sin_D_5term;

end ChebyshevDegreeOperations;

3.3.6.8.9.1.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.1.9.2.8 LIMITATIONS

None.

3.3.6.8.9.1.9.2.9 LLCSC DESIGN

None.

3.3.6.8.9.1.9.2.10 UNIT DESIGN

None.

3.3.6.8.9.1.9.3 CHEBYSHEVSEMICIRCLEOPERATIONS PACKAGE DESIGN (CATALOG #P728-0)

This generic package contains functions providing a Chebyshev polynomial
solution for the sine function. Provisions are made for the function to handle
units of semicircles. Outputs are of type sin cos ratio.

The following table lists the catalog numbers for subunits contained in this
part:

Name I Catalog _#

I Sin_S_5term I P729-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.
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3.3.6.8.9.1.9.3.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R214.

3.3.6.8.9.1.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.1.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

I Semicircles I Floating point I Allows floating point representation of I
I I semicircle measurements.

I Real I Floating point I General floating point representation. I
I Sin Cos Ratio I Floating point j Represents sines and cosines.
I Tan Ratlo I Floating point I Represents tangent values.

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I OneOver_Pi I Semicircles I constant I constant value of inverse of Pi I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I
"*" J function I Overloaded operator to multiply semicircles * I

I I semicircles yielding a real result.

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:
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I Function I Name I Type I Description I

I Sin_S_5term I Input I Semicircles I Input of angle for sine calculation I--- ----------------------------------------------------------------

3.3.6.8.9.1.9.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

Sin S CO I constant I 1.34752 631 Coefficient for calculation I
Sin-S-Ci cinstant I -1.55651 125 I Coefficient for calculation
Sin-S-C2 I constant 0 0.22275-7911 I Coefficient for calculation I
SinS-C3 I constant I -0.01419-31743 I Coefficient for calculation I

I Sin-S-C4 I constant I 0.00051-19072 74 I Coefficient for calculation
SSinS-B5 I constant -0.00001-18935-046 Coefficient for calculation I

3.3.6.8.9.1.9.3.5 PROCESS CONTROL

Not applicable. *

3.3.6.8.9.1.9.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Chebyshev)
package body ChebyshevSemicircleOperations is

Sin S CO : constant := 1.34752 631;
Sin-S-C1 : constant := -1.55659-125;
Sin-S-C2 : constant : 0 0.22275-7911;
Sin-S-C3 : constant := -0.01419-31743;
Sin-S-C4 : constant :- 0.00051-19072 74;
SinS-B5 : constant := -0.00001-189357046;

function Sin_S_5term(Input : Semicircles) return SinCosRatio is

inter Result 4 : Real;
Inter-Result-3 : Real;
Inter-Result-2 : Real;
InterResult-1 : Real;
Inter -Result-0 : Real;
Result : Sin Cos Ratio;
Y_squared : ReaI;

begin
Y_Squared := Input * input;
InterResult_0 := 4.0 * YSquared - 2.0;
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Inter Result 4 Inter Result 0 * Sin S B5 + Sin S C4;
Inter-Result-3 := Inter-Result-0 * Inter-Result4---SinSB5 +

Sin_S C3;
InterResult_2 := Inter Result 0 * Inter Result 3 - Inter Result 4 +

- - Sin SC2;
InterResult_1 := InterResult 0 * InterResult_2 - InterResult_3 +

Sin_SCl;
InterResult_0 := InterResult_0 * InterResult_1 - InterResult 2 +

SinS CO;
InterResult_0 :. (Intei Result 0 - (2.0 * Y Squared - 1.0)

Inter Result I) * Real(Input);
if Inter Result 0 > 1.-then -

Inter Result 0 := 1.0;
elsif In-er Result 0 < -1.0 then

Inter Result_0 := -1.0;
end if;
Result :. Sin CosRatio(InterResult_0);
return Result-

end Sin_S_5term;

end Chebyshev SemicircleOperations;

3.3.6.8.9.1.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.1.9.3.8 LIMITATIONS

None.

3.3.6.8.9.1.9.3.9 LLCSC DESIGN

None.

3.3.6.8.9.1.9.3.10 UNIT DESIGN

*None.

3.3.6.8.9.1.10 UNIT DESIGN

None.

if .. T3.. W.. N jr o .' iN x ~ . k'%, Pr. 1r-~ V. - tJ.W UW' r- ON , ~ 1 ~ ~ ~ . ~
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3.3.6.8.9.2 FIKE PACKAGE DESIGN (CATALOG #P734-0)

This package contains a generic package providing a Fike polynomial solution
for the arcsine function.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.2.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R215.

3.3.6.8.9.2.2 LOCAL ENTITIES DESIGN

INone.

3.3.6.8.9.2.3 INPUT/OUTPUT

None.

3.3.6.8.9.2.4 LOCAL DATA

' None.

3.3.6.8.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body Fike is

package body Fike SemicircleOperations is separate;

end Fike;

3.3.6.8.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.2.8 LIMITATIONS

None.

- --- --- ---
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3.3.6.8.9.2.9 LLCSC DESIGN

3.3.6.8.9.2.9.1 FIKESEMICIRCLEOPERATIONS PACKAGE DESIGN (CATALOG #P735-0)

This generic package contains a function providing a Fike polynomial solution
for the arcsine function. This package is designed to handle units of
semicircles.

The following table lists the catalog numbers for subunits contained in this
part:

I Name j Catalog _#

I Arcsin S 6term I P736-0 I
ArccosS_6term j P737-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.2.9.1.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R215.

3.3.6.8.9.2.9.1.2 LOCAL ENTITIES DESIGN

None. I
3.3.6.8.9.2.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description

I Semicircles I Floating point I Allows floating point representation of
I jI semicircle measurements.
Real I Floating point j General floating point representation.

_9 I SinCosRatio I Floating point I Represents sines and cosines.

Subprograms:

The following table describes the generic formal subroutines required by this
part:

- ~ ' . ~ V~.d ~. J. I ff~.P~ . .~, F. .. ~ ~ , ,~ ~ A.
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I Name I Type j Description I

I Sqrt I funtion I returns the square root of type real I

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
* in this part:

I Function I Name I Type I Description I

I Arcsin_S_6term I Input I SinCosRatio I Input for arcsine ccmputation I

3.3.6.8.9.2.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

Q I Arcsin C1I constant I 0.31830 99886 I Coefficient for term 1 I
I Arcsin-C3 I constant 0 0.05305-20148 I Coefficient for term 3 I
Arcsin"C5 I constant 0 0.02385-63606 I Coefficient for term 5 I

I Arcsin-C7 I constant 0 0.0144896675 I Coefficient for term 7 I
[ Arcsin-C9 I constant 0 0.00763-75322 8 1 Coefficient for term 9 I
I Arcsin-Cll constant 0 0.01350-18593- 1 Coefficient for term 11 i

3.3.6.8.9.2.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.2.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynemials.Fike)
package body Fike_SemicircleOperations is

Arcsin C1 : constant := 0.31830 9886;
Arcsin-C3 : constant := 0.05305-20148;
Arcsin-C5 : constant := 0.02385-63606;
Arcsin-C7 : constant :0 0.01448-96675;
Arcsin-C9 : constant := 0.00763-75322 8;
ArcsinzCll : constant := 0.0135018593T

function Arcsii_S_6term (Input : SinCos Ratio) return Semicircles is
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Input_-Squared :Real;
Inter Result : Real;
Left duadrant :Boolean;
Mod Input : Real;
Result :Semicircles;

begin
if Abs( Input )> 0.5 then

Hod -Input :=Sqrt( Real((l.0 -Abs(Input)) *0.5) )
Left Quadrant :- True;

else
Hod Input :- Real(Input);
LeffQuadrant :- False;

end if;
Input_-Squared :- Hod Input * Hod-Input;
InterResult :- ((((?!Arcsin Cl Input_-Squared +

AresinC9) * Input Squared +
ArcsinC7) * Input-Squared +
ArcsinC5) * Input_-Squared +
ArcsinC3) * Input Squared +
Arcsin7Cl) * HodInput;

if LeftQuadrant then
if Input > 0.0 then

InterResult :=0.5 - (2.0 * Inter-Result);
else

Inter -Result :-- (0.5 - (2.0 * Inter-Result));
end if;

end if;
Result :- Seiicircles(Inter Result);
return Result;

end ArcsinS_6term;

function ArccosS-6term (Input : SinCosRatio) return Semicircles is

InputSquared : Real;
Inter Result : Real;
Left Quadrant : Boolean;
Mod Input : Real;
ResUlt : Semicircles;

begin
if Abs( Input )> 0.5 then

Hod -Input :-Sqrt( Real((1.0 -Abs(Input)) *0.5) )
LeffQuadrant :. True;

else
-- 4 Hod Input :- Real(Input);

Leftf Quadrant :- False;
end if;-
Input_-Squared :=Mod Input * Hod Input;
InterResult :=(((((Arcsin Cli T Input Squared +

Arcsin_-C9) *lInput Squarid +
ArcsinC7) * Input_-Squared +
ArcsinCS5) * InputSquared +
ArcsinC3) * Input Squared +
ArcsinCl) * HodInput;

if Left Quadrant then
if Ijiput > 0.0 then

04M N
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InterResult 0.5 - 0.0 * InterResult);
else

InterResult := - (0.5 - (2.0 * InterResult));
end if;

end if;
Result := Semicircles(Inter Result);

. .-- convert to Arccos by applying formula

. .-- Arccosine = Pi/2 - Arcsine
Result := 0.5 - Result;
return Result;

end Arccos S 6term;

end FikeSemicircleOperations;

3.3.6.8.9.2.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.2.9.1.8 LIMITATIONS

None.

3.3.6.8.9.2.9.1.9 LLCSC DESIGN

I None.

3.3.6.8.9.2.9.1.10 UNIT DESIGN

None.

3.3.6.8.9.2.10 UNIT DESIGN

None.

I°
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3.3.6.8.9.3 HART PACKAGE DESIGN (CATALOG #P740-0)

This packages contains generic packages providing Hart a polynomial solution
for the cosine function. Provisions are made for the cosine function to handle
units of radians or degrees, respectively. Outputs may be of type sincos_-
ratio.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.3.1 PEQUIREMENTS ALLOCATION

This part meets CAMP requirement R216.

3.3.6.8.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.3.3 INPUT/OUTPUT

None.

3.3.6.8.9.3.4 LOCAL DATA

None.

3.3.6.8.9.3.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.3.6 PROCESSING

The following describes the processing performed by this part:

0 separate (Polynomials)
package body Hart is

package body HartRadianOperations is separate;

package body HartDegree Operations is separate;

end Hart;

3.3.6.8.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

0.
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3.3.6.8.9.3.8 LIMITATIONS

None.

3.3.6.8.9.3.9 LLCSC DESIGN

3.3.6.8.9.3.9.1 HARTRADIANOPERATIONS PACKAGE DESIGN (CATALOG #P741-0)

This generic package contains a function providing a Hart polynomial jolution
for the cosine function. This package is designed to accept inputs in terms of
radians.

The following table lists the catalog numbers for subunits contained in this
part:

*IName I Catalog _*

I Cos_R_5term I P742-0 I

The decomposition for this part is the same as that shown in the Top-Level
* ,Design Document.

3.3.6.8.9.3.9.1.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R216.

3.3.6.8.9.3.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.3.9.1.3 INPUT/OUTPUT

Data types:

The following table describes the generic formal types required by this part:

I Name I Type j Description

I Radians I Floating point I Allows floating point representation of I
I I I radian measurements.
Real Floating point i General floating point representation.
Sin_CosRatio I Floating point I Represents sines and cosines.

Subprograms:

The following table describes the generic formal subroutines required by this
part:

Si
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I Name I Type I Description I

I "*", I function I Overloaded operator to multiply radians * radians
I I I yielding a real result. I

GENERIC PARAMETERS:

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type I Description I

I CosR_5term I Input I Radians I Input angle for cosine function I

3.3.6.8.9.3.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type Value I Description I

I Cos R CO I constant I 0.99999 9953 I Coefficient for term 2
I CosR-C2 I constant I -0.49999-9905 I Coefficient for term 4 I
I Cos-R-C4 I constant I 0.04166-35846 I Coefficient for term 6 I
I Cos-R-C6 I constant I -0.00138-53704 2 I Coefficient for term 8 I
I Cos-R-C8 I constant I 0.00002-31539316 I Coefficient for term 10 I

3.3.6.8.9.3.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.3.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Hart)
package body HartRadianOperations is

Cos R CO : constant := 0.99999 9953;
Cos"R-C2 : constant := -0.49999:9053;
Cos"R-C4 : constant := 0.04166 35847;
Cos R-C6 : constant := -0.00138-53704 3;

V Cos R C8 : constant : 0 0.00002-31539-317;

function Cos_R_5term (Input : Radians) return Sin Cos Ratio is
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Inter Result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Rad:ans;

begin

if Input >= Pi Over 2 then
Mod Input := Pi - Input;

else
Mod Input := Input;

end if;
X_Squared := Mod Input * Hod Input;
InterResult := (((Cos R C8 * XSquared +

CosRC6) * XSquared +
Cos R C4) * X Squared +
Cos R-C2) * KSquared;

Inter Result :f Inter Result + CosRCO;
if Input >= Pi Over 2-then

Inter Result := - InterResult;
end if;
If Inter Result > 1.0 then

Inter Result :i 1.0;
elsif Inter Result < -1.0 then

Inter Result :- -1.0;
end if; -
Result :. Sin CosRatio( Inter Result );
return Result7

end CosR5term;

end Hart RadianOperations;

3.3.6.8.9.3.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.3.9.1.8 LIMITATIONS

None.

3.3.6.8.9.3.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.3.9.1.10 UNIT DESIGN

None.
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3.3.6.8.9.3.9.2 HARTDEGREE OPERATIONS PACKAGE DESIGN (CATALOG #P743-0)

This generic package contains a function providing a Hart polynomial solution
for the cesine function. This package is designed to accept inputs in terms of
degrees.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _#

I Cos_0_5term I P744-0 I

The decomposition for this part is the same as that shown in the Top-Level

Design Document.

3.3.6.8.9.3.9.2.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R216.

3.3.6.8.9.3.9.2.2 LOCAL ENTITIES DESIGN

None.

N 3.3.6.8.9.3.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Degrees I Floating point I Allows floating point representation of I
It p i degree measurements. I
I Real I Floating point I General floating point representation.
ISinCosRatio jFloating point IRepresents sines and cosines.I

Subprograms:

*The following table describes the generic formal subroutines required by this
part:

I Name I Type j Description I

It"*" yfunction iOverloaded operatorto multiplydegrees * degrees I
I I I yielding a real result.I
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FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type I Description I

I Cos_D_5term I Input I Degrees I Input angle for cosine function I

3.3.6.8.9.3.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

I Cos D CO I constant I 0.99999 9953 Coefficient for term 2 I
Cos"D-C2 I constant I -0.49999-9905 I Coefficient for term 4 I
Cos6-C4 constant 0.04166"35846 Coefficient for term 6
Cos-D-C6 I constant I -0.00138-53704 2 1 Coefficient for term 8 I
Cos-DC8 I constant 0 0.00002-315397316 1 Coefficient for term 10 I

------------------------------------------------------------------ e
3.3.6.8.9.3.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.3.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Hart)
package body HartDegree Operations is

Cos D CO : constant := 0.99999 9953;
Cos-D-C2 : constant :- - 1.52308-42e-04;
Cos-D-C4 : constant := 3.86603-79e-09;
Cos-D-C6 : constant := - 3.91588-67e-14;
Cos-D-C8 : constant := 1.9936260e-19;

function Cos D 5term (Input : Degrees) return Sin Cos Ratio is

Inter Result : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;
X_Squared : Real;

begin

if Input >= 90.0 then
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Mod_.nput 180.0 - Input;
else

ModInput := Input;
end if;
XSquared := Mod Input * ModInput;
InterResult := (((CosD C8 * XSquared +

CosDC6) * XSquared +
CosDC4) * XSquared +
Cos D C2) * X Squared;

Inter Result := Inter Result + Cos_D_CO;
if Input >= 90.0 then"

InterResult := - InterResult;
end if;
If Inter Result > 1.0 then

Inter Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result :- -1.0;
end if;
Result := Sin Cos Ratio( Inter Result );
return Result;

end Cos_D_5term;

end HartDegreeOperations;

3.3.6.8.9.3.9'2.7 UTILIZATION OF OTHER ELEMENTS

*None.

3.3.6.8.9.3.9.2.8 LIMITATIONS

None.

3.3.6.8.9.3.9.2.9 LLCSC DESIGN

None.

3.3.6.8.9.3.9.2.10 UNIT DESIGN

None.

3.3.6.8.9.3.10 UNIT DESIGN

None.

tie ,~ w wi~II
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-' 3.3.6,8.9.4 HASTINGS PACKAGE DESIGN (CATALOG #P745-0)

This packages contains generic functions providing Hastings polynomial
solutions for a set of trigonometric functions, which include sine, cosine,
tangent, and arctangent. Provisions are made for the trigonometric functions
to handle units of radians or degrees.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.4.1 REQUIRBRMI S ALLOCATION

This part meets CAMP requirement R217.

3.3.6.8.9.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.4.3 INPUT/OUTPUT

None.

3.3.6.8.9.4.4 LOCAL DATA

None.

3.3.6.8.9.4.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.4.6 PROCESSING

The following describes the processing performed by this part:

*separate (Polynomials)
package body Hastings is

package body HastingsRadianOperations is separate;

package body HastingsDegreeOperations is separate;

end Hastings;

3.3.6.8.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.8.9.4.8 LIMITATIONS
~None.

3.3.6.8.9.4.9 LLCSC DESIGN

3.3.6.8.9.4.9.1 HASTINGS RADIANOPERATIONS PACKAGE DESIGN (CATALOG #P746-0)

This packages contains generic functions providing Hastings polynomial
solutions for a set of trigonometric functions. This package is designed to
handle units of radians.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _# I
- -SinR-5-erm j- P747-0
Sin R 4term P748-0

Cos R 5term P749-0
Cos-R-4term P750-0
Tan R75term P751-0
Tan-R-4term P752-0
ArcIan R 8term P753-0
Arctan-R-7term P754-0
Arctan-R76term P755-0

Mod Arctin R 8term P756-0
Mod-Arctan"RT7term P757-0
Iod-ArctanR-6term P758-0

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.4.9.1.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R217.

3.3.6.8.9.4.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.4.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I" V I - e m" mhMMM " KAL A A AJL*Vf.WJr r.kJ-wsN tiurA "A L
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Name [ Type ] Description

Radians IFloating point IAllows floating point representation of
radian measurements. I

Real j Floating point I General floating point representation. I
Sin Cos Ratio j Floating point I Represents sines and cosines. I
Tan7Ratio I Floating point I Represents tangent values. I

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I
I PiOver_2 I Radians I constant I constant value of Pi divided by 2 -
I Pi-Over 4 Radians I constant constant value of Pi divided by 4 

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I"*" I function I Overloaded operator to multiply radians * radians I
I I I yielding a real result. I

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in th.s part:

Function I Name I Type I Description I

I Sine Input Radians Input angle for sine computation
[ Functions
I Cosine Input Radians Input angle for cosine computation
I Functions
I Tangent Input Radians Input angle for tangent computation
I Functions
I Arctangent Input Tan Ratio Input for arctangent computation
[ Functions -

3.3.6.8.9.4.9.1.4 LOCAL DATA

Data objects:
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The following table describes the data objects maintained by this part:

,

II
'U1
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I Name I Type I Value I Description I

Sin R Cl 5term constant 0.999999994 I1st term sine
coefficient

Sin R C3 5term constant -0.16666 6566 3rd term sine
coefficient

Sin R C5 5term constant 0.00833 30251_7 5th term sine
coefficient

Sin R C7 5term constant -0.000198074143 7th term sine
coefficient

Sin R C9 5term constant 0.00000_26018_8690 9th term sine
coefficient

Sin R C1 4term constant 0.999999 1st term sine
coefficient

Sin R C3 4term constant -0.166655 3rd term sine
coefficient

Sin R C5 4term constant 0.000831_190 5th term sine
coefficient

Sin R C7 4term constant -0.000184882 7th term sine
coefficient

ArctanRCl_8term constant 0.999999333 I1st term arctangent
coeffiecient

Arctan R C3 8term constant -0.333298560 3rd term arctangent
coeffiecient

ArctanRCS 8term constant 0.199465360 5th term arctangent
Icoeffiecient

-- ArctanRC7 8term constant -0.139085335 7th term arctangent
coeffiecient

ArctanRC9 8term constant 0.096420044 9th term arctangent
coeffiecient

ArctanRCI 8term constant -0.055909886 11th term arctangent
coeffiecient

Arctan RC13_8term constant 0.02186 1229 13th term arctangent
coeffiecient

ArctanRC15_8term constant -0.00405_4080 15th term arctangent
coeffiecient

Arctan RCl_7term constant 0.999996115 I1st term arctangent
coeffiecient

Arctan RC3_7term constant -0.333173758 3rd term arctangent
coeffiecient

ArctanRC5_7term constant 0.198078690 5th term arctangent
coeffiecient

Arctan RC7_7term constant -0.13233 5096 7th term arctangent
coeffiecient

ArctanRC9 7term constant 0.079626318 9th term arctangent
coeffiecient

ArctanRCli_7term constant -0.033606269 11th term arctangent
coeffiecient

Arctan R C13 7term constant 0.00681 2411 13th term arctangent
coeffiecient

ArctanRCl_6term constant 0.99997 726 1st term arctangent
coeffiecient

ArctanRC3 6term constant -0.33262347 3rd term arctangent
-IIcoeffiecient

Arctan R C5 6term constant 0.19354 346 5th term arctangent
-IIcoeffiecient

U~~~~~~~~~~~.NLN ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h J-IUKIIU AI -TV fl d k jliA .A MA).rA PkXC i WI / b IVaRkxA It~U XX ARi IRV X'%
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Aretan R C7 6term constant 1 -0.11643 287 7th term arctangent
I Icoeffiecient

ArctanRC9_6term constant 0.05265_332 9th term arctangent
coeffiecient

Arctan R CI 6term constant -0.01172 120 11th term arctangent
.. .. Icoeffiecient

3.3.6.8.9.4.9.1.5 PROCESS CONTROL
I

Not applicable.

3.3.6.8.9.4.9.1.6 PROCESSING

,T The following describes the processing performed by this part:

separate (Polynomials.Hastings)
package body HastingsRadianOperations is

Sin R C1 5term : constant := 0.99999 9995;
Sin-R-C3-5term : constant :.-0.16666-6567;
SinR-C5-term : constant :- 0.00833-30251 7;
SinR-C7-5term : constant :--.00019-80741-43;
Sin-RC-5term : constant :- 0.00000-26018-8690;

Sin R C1 4term : constant :- 0.99999 9;
SinR-C-4term : constant := -0.16665-5;
Sin"R"C5-4term : constant := 0.00831-190;
Sin-R-C7-4term : constant :- -0.00018-4882;

Arctan R C1 8term : constant := 0.99999 9333;
Arctan"R"C3-8term : constant := -0.33329-8560;
Arctan-R-C5-8term : constant : 0 0.1994675360;
ArctanRC7-8term : constant := -0.13908-5335;
Arctan"RC9-8term : constant := 0.09642-00441;
Arctan-R-Cli 8term : constant := -0.05590-98861;
Arctan-R"C13-8term : constant := 0.02186-12288;
ArctanxC15B8term : constant := -0.0040540580;

Arctan R C1 7term : constant := 0.99999 6115;
ArctanRC3-7term : constant := -0.33317-3758;
Arctan-RC5-7term : constant :f 0.19807"8690;
Arctan-RC7-7term : constant := --0.13233-5096;
ArctanRC97-term : constant := 0.07962-6318;
ArctanRCli 7term : constant :- -0.03360-6269;
ArctanRCl3-7term : constant := 0.00681-2411;

ArctanRCl 6term : constant := 0.99997 726;
Arctan R C3 6term : constant := -0.33262-347;
Arctan-R-C5-6term : constant := 0.19354-346;
Arctan"R-C7-6term : constant := -0.11643_287;
Arctan-RC9-6term : constant := 0.05265-332;
Arctan"R-ClT_6term : constant := -0.01172-120;

-- - - - - - - - ---- - - - -- - - - - - - - - - - - - - - -- - - -- - - - - - - - - - - -
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~ .. --sine functions

function Sin_R_5term(Input : Radians) return SinCosRatio is

InputSquared : Real;
Inter Result : Real;
Result : SinCos_Ratio;

begin

Input Squared := Input * Input;
Inter-Result := ((((Sin R C9 5term *

Input Squared + SinR-C-5term) *
InputSquared + SinRC55term) *
Input_Squared + SinRC3-5term) *
InputSquared :. Sin-R-Cl-5term);

Inter Result := Inter Result * Real(Input);
if InterResult > 1.0-then

Inter_Result := 1.0;
elsif InterResult < -1.0 then

Inter Result := -1.0;
end if;
Result :. Sin Cos Ratio( InterResult );
return ResultT

end Sin_R_5term;

function SinR_4term(Input : Radians) return SinCos Ratio is

Input Squared : Real;
Inter Result : Real;
Result : SinCos.Ratio;

begin

InputSquared := Input * Input;
InterResult := (((Sin R C7 4term *

Input Squared + Sin-R--4term) *
InputSquared + Si-R-C3-4term) *
Input Squared + Sin-Clf4term);

Inter Result :- Inter Result * Real(Iiiput);
if InterResult > 1.0-then

Inter Result := 1.0;
elsif Inter Result < -1.0 then

InterResult := -1.0;
end if;
Result := Sin-CosRatio( InterResult );
return Result;

end Sin_R_4term;

---cosine functions

function CosR_5term(Input : Radians) return SinCosRatio is

... ^-% cosine functionsp l A l M
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Input_-Squared : Real;
Inter Result : Real;J
ModInput : Radians;
Result : SinCosRatio; i

begin

ModInput := PiOver_2 - Input;
InputSquared M= odInput * Mod Input;
InterResult :=((T(Sin R C9_5term *

InputSquared + SinR75term) *
Input_-Squared + SiifICC55term) *1
Input _Squared + Sin 1* C3_5term) *
Input Squared +~ SinR Cl 5term);

Inter Result := Inter Result * Real(ModCInput);
if InterResult > 1.O-then

InterResult :. 1.0;
elsif Inter Result < -1.0 then

InterReiult := -1.0;
end if;
Result := Sin CosRatio( InterResult )
return Result;

end CosR_5tirm;

function CosR_4term(Iniput : Radians) retu~rn SinCosRatio is

InputSquared : Real;
InterResult : Real;
Mod Input : Radians;
Result : SinCosRatio;

begin

Mod-input := Pi Over 2 - Input;
Input_-Squared :Mod-Input * Mod Input;
InterResult :=(T(Sin R C7 4teri *

InputSqruared + Sir _R7h5 4term) *
InputSquared + Sin RC4teri) *
Input_Squared + SinRCl_4term);

Inter Result :. Inter Result * Real(M~od Input);
if In~Eer Result > 1.O-then

Inter-Result := 1.0;
elsif Initer Result < -1.0 then

InterResult := -1.0;
Fil end if;

Result := SinCosRatio( Inter Result )
return Result;

end CosR_4term;

--Tangent functions

function Tan R 5term (Input : Radians) return Tan-Ratio is
Sin :5i-osRto



CAMP Software Detailed Design Document Page 1471

Cos :SinCosRatio;
begin

Sin :=Sin R 5term(Input);
if Input -O.O then

Cos :=-CosR_5term( Pi + Input )
else

Cos :=Cos R_5term(Input);
end if;
return TanRatio(Sin / Cos);

end TanR_5term;

function Tan R 4term (Input Radians) return Tan Ratio is
Sin : SinCosRatio;
Cos : SinCosRatio;

begin
Sin :. SinR_4term(Input);
if Input < 0.0 then

Cos :=-CosR_4term( Pi + Input )
else

Cos :=CosR_4term(Input);
* end if;

return Tan Ratio(Sin /Cos);
end Tan R4teit;

--- Arctangent functions

function Arctan R_8term (Input :TanRatio) return Radians is

Input Squared : TanRatio;
Inter7Result : Tan-Ratio;
Result : Radians;

begin
Input_-Squared :=Input * Input;
InterResult :=(((((((Arctan R C15 8term *

Input_-Squared + ArctanI'kC13-8term) *
Input_Squared + Arctan RCJJterm) *
Input-Squared + Arctan R7C9 Ifterm) *
Input_Squared + Arctan'R7C7Fterm) *
Input_Squared + Arctan7R7C5 -8term) *

Inu___ re +__ ____~k3-tem *

Input_Squared + Arctan-R7C18term) *
Input;

Resui.c : - Radlans(InterResult);
return Result;

end ArctanR_8term;

function ArctanR_7term (Input :TanRatio) return Radians is

Input_Squared : Tan Ratio;
Inter Result : Tan7Ratio;
Resulit : Radians;

begin
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InputSquared := Input * Input;
InterResult ((((((Arctan R C13 7term *

Input_Squared + Arctan-R-Cll-7term) *
Input_Squared + ArctanR7C9 7term) *
InputSquared + Arctan-R-C77term) *
Input_Squared + ArctanR 77term) *
Input_Squared + Arctan-R-C3-7term) *
Input_Squared + Arctan-R-Cl-7term) *
Input;

Result := Radians(InterResult);
return Result;

end ArctanR_7term;

funeion Arctan_R_6term (Input : TanRatio) return Radians is

InputSquared : Tan Ratio;
Inter Result : Tan Ratio;
Result : Radians;

begin
InputSquared := Input * Input;
InterResult := (((((Arctan R CI1 6term *

Input_-Squared + ArctanRC9 - term) *
InputSquared + ArctanzICCF6 term)*
InputSquared + Arctan-RC96term) *
Input_Squared + ArctanlRC7-6term) *
Input_Squared + Arctan-R-CS-6term) *
Input;

Result :. Radians(InterResult);
return Result;

end Arctan_R_6term;

.. -- Modified Hastings Arctangent functions

function ModArctanR_8term (Input :Tan Ratio) return Radians is

InputSquared : Tan Ratio;
Inter Result : TanRatio;
Mod Iniput : Tan Ratio;
Result : Radians;

begin
if Input >= 0.0 then

Mod_Input := Input;
else

ModInput := - Input;
end if;
ModInput := (ModInput 1.0) (Mod_Input + 1.0);
Input_Squared Mod-Input * Mod Input;
InterResult := (((((((Arctan R C15 8term

Input_Squared + Arctan-R-C13-8term) *
- InputSquared + Arctan"R-Cl3-8term) *

Input_Squared + Arctan:6 h er)
InputSquared + Arctan-R-8term) *
Input_Squared + Arctan-R-C7-8term) *

Id-
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Input Squared + Arctan R C3 8term) *
Input-Squared + Arctan7R7C18term) *
ModInput;

Result := Radians(InterResult) + Pi Over 4;
if Input < 0.0 then

Result - Result;
end if;
return Result;

end Mod ArctanR_8term;

function ModArctan_R_7term (Input : Tan-Ratio) return Radians is

InputSquared : Tan Ratio;
Inter Result : Tan Ratio;
Mod Input : Tan-Ratio;
Result : Radians;

begin
if Input >= 0.0 then

Mod_Input := Input;
else

Mod Input := - Input;
end if;
Mod Input :. (Mod Input - 1.0) / (Mod-Input + 1.0);
Input Squared : Mcd Input * Hod Input;
InterResult := (((((Arctan R C13 7term *

Input Squared + Arctan-R-Cli-7term) *
InputSquared + Arctan-R7-C9 7term) *
Input Squared + ArctanR-C7-7term) *
Input Squared + Arctan-R-C5-7term) *
InputSquared + ArctanRC7 term) *
Input Squared + Arctan-R-C-7term) *
Mod_Input;

Result := Radians(InterResult) + PiOver 4;
if Input < 0.0 then

Result := - Result;
end if;
return Result;

end ModArctanR_7term;

function ModArctanR_6term (Input : Tan-Ratio) return Radians is

Input Squared : Tan Ratio;
InterResult : TanRatio;
Hod Input : Tan-Ratio;
Result : Radians;

begin
if Input >= 0.0 then

Mod Input := Input;
else

Mod_Input := - Input;

end if;
ModInput := (Mod Input - 1.0) / (Mod Input + 1.0);
Input_Squared := ModInput * Mod_Input;
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Inter Result := (((((ArctanRCll_6term *
InputSquared + Arctan R C9 6term) *
InputSquared + Arctan-R-7-6term) *
InputSquared + Arctan-R-CS-6term) *
InputSquared + Arctan R C3 6term) *
InputSquared + Arctan R C16term) *
Hod Input;

Result := Radians(Inter Result) + PiOver_4;
if Input < 0.0 then

Result := - Result;
end if;
return Result;

end ModArctanR_6term;

end HastingsRadianOperations;

3.3.6.8.9.4.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.4.9.1.8 LIMITATIONS

None.

3.3.6.8.9.4.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.4.9.1.10 UNIT DESIGN

None.

3.3.6.8.9.4.9.2 HASTINGSDEGREE OPERATIONS PACKAGE DESIGN (CATALOG #P759-0)

This generic package contains functions providing Hastings polynomial solutions
for a set of trigonometric functions. This package is designed to handle units
of degrees.

The following table lists the catalog numbers for subunits contained in this
part:

I Name i Catalog _#

I Sin D 5term I P760-0
I Sin D 4term I P761-0
I Cos--term P762-0
I Cos D 4term I P763-0
I Tan--5term [ P764-0
TanD_-4term I P765-0

-" -- - - - - - - - - - - - - - - - - - - - - - - - - -
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.4.9.2.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R217.

3.3.6.8.9.4.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.4.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

I Degrees I Floating point I Allows floating point representation of I
1 I I I degree measurements. I
Real I Floating point I General floating point representation. I

I Sin Cos Ratio I Floating point I Represents sines and cosines. I
I Ta6fRatTo Floating point I Represents tangent values. [

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I Pi I Degrees I constant I constant value of Pi I

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

t"*" I function IOverloaded operator to multiply degrees * degrees 

!yielding a real result.

S FORMAL PARAMETERS:
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The following table describes the formal parameters for the functions contained
in this part:

Function I Name I Type I Description I

Sine ] Input I Degrees J Input angle for sine computation I
I Functions I I I I
I Cosine I Input Degrees Input angle for cosine computation I
[ Functions I I I I
[ Tangent I Input [ Degrees I Input angle for tangent computation I
[ Functions I I I I

3.3.6.8.9.4.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

Sin D C1 5term constant 0.99999_9994 I1st term sinecoefficient
Sin D C3 5term constant -0.16666_6566 3rd term sine

coefficient
Sin D C5 5term constant 0.00833_30251_7 5th term sine

coefficient
Sin D C7 5term constant -0.0001980741_43 7th term sine

I Icoefficient
Sin D C9 5term constant 0.00000_260188690 9th term sine

SIIcoefficient
Sin D Cl 4teLm constant 0.999999 Ist term sine

coefficient
Sin D C3 4term constant -0.166655 3rd term sine

coefficient
Sin D C5 4term constant 0.000831_190 5th term sine

coefficient
Sin D C7 4term constant -0.00018_4882 7th term sine

coefficient

3.3.6.8.9.4.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.4.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Hastings)
package body HastingsDegreeOperations is

L............. .................r.at.It.N..5. t433~w~IAL . A L~f~n~ .W fln fl .. ~ S latNf R faff.Rnl N B
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Sin D C1 5term : constant := 1.74532 92e-02;
SinDC35 term :constant :=-8.86095-625e-07;
Sin YC5 Sterm :constant := 1.34955-172e-11;
Sin DC7_5term :constant :~-9.77168-260e-17;
SinD-C9-5term : constant := 3.91006-135e-22;

Sin D C1 4term : constant := 1.74533e-02;
Sin DC3_4term : constant :=-8.86037e-07;
SinDC5_4term : constant := 1.34613e-11;
SinDCC7-4term : constant :=-9.12087e-17;

---- sine functions

function SinDSterm(Input :Degrees) return SinCos Ratio is

InputSqu~ared : Real;
Inter Result : Real;
Result : SinCosRatio;

begin

Input Squared :=Input * Input;
InterResult :=((((SinDC9 5teim *

Input-Squared + Sin D7CF5term) *
Input -Squared + SinC55 7term) *
InputSquared +, SinT-fC375term) *
Input Squared + SiCf15tern);

Inter Result :=Inter Result * Real(Iipiit);
if JInier Result > 1.O-then

Inter Result :. 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result :. Sin CosRatio( InterResult )
return Result;

end SinD_5term;

function SinD_4term(Input : Degrees) return Sin-CosRatio is

Input_Squared : Real;
Inter -Result : Real;
Resulf : SinCosRatio;

begin

Input_Squared :=Input *Input;
InterResult :=(((SinDC7_4term *

Input_Squared + Sin D C54term) *
InputSquared + SinlDfC3-4term) *
InputSquared + Sin7D7Ci 4term);

Inter Result := Inter Result * Real(Iiipiit);-
if InterResult > 1.Othen

Inter Result := 1.0;
elsif In-ter Result < -1.0 then
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Inter Result := -1.0;
end if;
Result := Sin CosRatio( InterResult );
return Result-

end Sin_D_4term;

--. cssine functions

function Cos_D_5term(Input : Degrees) return SinCosRatio is

InputSquared : Real;
Inter Result : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;

begin

Mcd Input := 90.0 - Input;
Input Squared := Mod Input * Mod Input;
Inter Result := ((T(Sin D C9 5term *

InputSquared + Sin-DC7"5term) *
Input Squared + Sin--Cb'term) *
Input Squared + Sin-D-C3-5term) *
Input Squared + Sin"D"Cl"-5term);

Inter Result := Inter Result * Real(odInput);
if Inier Result > 1.0-then

Inter-Result :- 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := SinCosRatio( InterResult );
return Result;

end CosD_5term;

function CosD_4term(Input : Degrees) return SinCosRatio is

InputSquared : Real;
Inter Result : Real;
Mod Input : Degrees;
Result : Sin. CosRatio;

begin

i Mod Input := 90.0 - Input;

Input Squared := Mod Input * Mod Input;
Inter-Result ((Sin D C7 4term *- Input_Squared + Sin-Cb5-4term) *

Input_Squared + Sin D7C3 4term) *
Input_Squared + Sini-D-CI-4term);

Inter Result :.f Inter Result * Real(kMod-lnput);
if In~er Result > 1.0-then

Inter-Result := 1.0;
elsif InterResult < -1.0 thenL
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Inter Result := -1.0;
end if;
Result Sin Cos Ratio( InterResult );
return Result,

end Cos_D_4term;

.. -- Tangent function

function Tan D 5term (Input : Degrees) return Tan Ratio is
Sin : Sin Cos Ratio;
Cos : Sin7Cos-Ratio;

begin
Sin := Sin D 5term(Input);
if Input <-070 then

Cos := - Cos_D_5term( 180.0 + Input );
else

Cos := CosD_5term(Input);
end if;
return Tan Ratio(Sin / Cos);

end Tan_D_5te-m;

function Tan D 4term (Input : Degrees) return Tan Ratio is
Sin : Sin-Cds Ratio;
Cos : Sin7Cos Ratio;

begin
Sin := Sin D 4term(Input);
if Input <-0.0 then

Cos := - CosD_4term( 180.0 + Input );
else

Cos := Cos_D_4term(Input);
end if;
return Tan Ratio(Sin / Cos);

end TanD4te-rm;

end HastingsDegreeOperations;

3.3.6.8.9.4.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.4.9.2.8 LIMITATIONS

None.

3.3.6.8.9.4.9.2.9 LLCSC DESIGN

None.
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3.3.6.8.9.4.9.2.10 UNIT DESIGN

None.

3.3.6.8.9.4.10 UNIT DESIGN

None.

I--
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3.3.6.8.9.5 MODIFIEDNEWTONRAPHSON PACKAGE DESIGN (CATALOG #P766-0)

This packages contains generic functions providing Modified Newton Raphson
polynomial solutions for the square root function. Provisions are made for the
square root functions to handle units of real. Outputs are also of type real.

The following table lists the catalog numbers for subunits contained in this
part:

Name I Catalog _ I

I SqRt I P767-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.5.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R220.

3.3.6.8.9.5.2 LOCAL ENTITIES DESIGN

J None.

3.3.6.8.9.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by the only
function (Sqrt) in this part:

I Name I Type I Description I

i Inputs I Floating point I Floating point Input to square root I
I function. I

[ Outputs [ Floating point I Floating point Output of square root I
I function. II Reals l Floating point l Floating point intermediate type to avoid[

I [ [ constraint errors. I

Data objects:

The following table describes the generic formal objects required by the only
function (Sqrt) in this part:

kA"% A.IPV~AV.AW nn% V&A1WA IW
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SName Type Value Description

Iteration Num I Floating Point j Positive I Number of times the function I
I - ] I I performs the calculation cycle.1

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type I Description I

I Sqrt I Input I Inputs [ Input for square root function I
Iteration-No I Positive I Number of times to compute I

3.3.6.8.9.5.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

, C1 I constant 1 2.18518 306 j1st approximation constant I
C2 I constant I 3.02289-917 I 2nd approximation constant I

I C3 I constant I 1.54515_776 I 3rd approximation constant I

3.3.6.8.9.5.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.5.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body ModifiedNewtonRaphson is

C1 : constant := 2.18518 306;
C2 : constant := 3.02289_917;
C3 : constant := 1.54515_776;

function SqRt(Input : Inputs) return Outputs is

Inter Result : Reals;
Result : Outputs;
RootPwr : Reals;
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XNorm Reals;

begin
if Input = 0.0 then

Result := 0.0;
else

XNorm := Reals( Input );

-- - Reduce input to between 0.25 and 1.0 -
-- - in order to achieve better initial -
-- - approximation

Root Pwr := 1.0;
if Input > 1.0 then

Reduce:
while XNorm > 1.0 loop

RootPwr :i Root Pwr * 2.0;
X Norm := X Noirm * 0.25;

end loop Reduce;-
else

Increase:
while X Norm < 0.25 loop

Root Pwr := Root Pwr * 0.5;
X Norm :X Norm * 4.0;

end loop Increase;
end if;
Inter Result :- C1 - C2 / (X Norm + C3);
Inter -Result :- (X Norm/Inter Result + Inter Result) * 0.5;
Inter-Result :- (X-Norm/Inter-Result + Inter-Result) * 0.5;
Inter-Result := (X-Norm/Inter-Result + Inter-Result) * 0.5;
Inter-Result :- Inter Result W Root Pwr;
Resul-t :- Outputs(InterResult); -

end if; -- Input not 0.0
return Result;

*end SqRt;

end ModifiedNewtonRaphson;

3.3.6.8.9.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.5.8 LIMITATIONS

None.

3.3.6.8.9.5.9 LLCSC DESIGN

None.

Ki 
°
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3.3.6.8.9.5.10 UNIT DESIGN

None.

AW

1 °I
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'~ " 3.3.6.8.9.6 NEWTONRAPHSON PACKAGE DESIGN (CATALOG #P768-0)

This packages contains generic functions providing Newton Raphson polynomial

solutions for the square root function. Provisions are made for the square
root functions to handle units of real. Outputs are also of type real.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _* I

I SqRt I P769-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.6.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R221.

* 3.3.6.8.9.6.2 LOCAL ENTITIES DESIGN

% A None.

3.3.6.8.9.6.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by the only
function (Sqrt) in this part:

I Name I Type I Description

I Inputs I Floating point I Floating point Input to square root
function.I Outputs I Floating point I Floating point Output of square root

function.
Reals Floating point [ Floating point intermediate type to avoidl

I I I constraint errors.

Data objects:

The following table describes the generic formal objects required by the only
function (Sqrt) in this part:
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I Name I Type I Value I Description I

I IterationNum I Floating Point I Positive Number of times the function I
I -I I performs the calculation cycle.1

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type I Description I

I Sqrt I Input I Inputs I Input for square root function I
I I IterationNo I Positive I Number of times to compute I

3.3.6.8.9.6.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value Description e
I C1 I constant I 3.57142 857 I 1st approximation constant I
i C2 I constant I 14.57725_95 I 2nd approximation constant I
C3 I constant I 0.30612-2449 I 3rd approximation constant I
C4 I constant _ 4.79591-037 I 4th approximation constant I

I C4 I constant I -0.16659_7251 I 4th approximation constant

3.3.6.8.9.6.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.6.6 PROCESSING

The following describes the processing performed by thiF part:

separate (Polynomials)
package body NewtonRaphson is

C1 : constant := 3,57142 857;
C2 : constant := 14.57725_95;
C3 : constant := 0.30612_2449;
C4 : constant := 4.79591_837;
C5 : constant := 0.16659_7251;

function SqRt(Input : Inputs) return Outputs is
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Inter Result : Reals;
Result : Outputs;
Root Pwr : Reals;
XNorm : Reals;

begin
if Input = 0.0 then

Result := 0.0;
else

X Norm := Reals( Input );

-- - Reduce input to between 0.25 and 1.0 -
-- - in order to achieve better initial -
-- - approximation

Root Pvr := 1.0;
if Iiput > 1.0 then

Reduce:
while XNorm > 1.0 loop

Root Pwr := Root Pwr * 2.0;
X Norm := X NoFm * 0.25;

end loop Reduce;-
else

Increase:
while X Norm < 0.25 loop

Root Pwr :- Root Pwr * 0.5;
X Nom :- X Norm * 4.0;

end loop Increase;
end if;
Inter Result := C1 - (C2 * (X Norm + C3)) / ((X Norm + C4) * (XNorm + C5) + C5);Inter-Result :- (X Norm/InterResult + Inter Result) * 0.5;Inter-Result := (X_Norm/Inter-Result + Inter Result) * 0.5;
InterResult :m (XNorm/Inter-Result + Inter Result) * 0.5;

InterResult :- Inter Result W Root_Pwr;
Result := Outputs(InterResult);

end if;
return Result;

end SqRt;

0 end NewtonRaphson;

3.3.6.8.9.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.6.8 LIMITATIONS

None.
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3.3.6.8.9.6.9 LLCSC DESIGN

None.

3.3.6.8.9.6.10 UNIT DESIGN

None.

Lei
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S 3.3.6.8.9.7 TAYLORSERIES PACKAGE DESIGN (CATALOG #P795-0)

This packages contains generic functions providing Taylor polynomial solutions
for a set of trigonometric functions. Provisions are made for the
trigonometric functions to handle units of radians or degrees.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.7.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R222.

3.3.6.8.9.7.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.7.3 INPUT/OUTPUT

None.

3.3.6.8.9.7.4 LOCAL DATA

None.

3.3.6.8.9.7.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.7.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body Taylor_Series is

package body TaylorRadianOperations is separate;

package body TaylorDegreeOperations is separate;

package body TaylorNaturalLog is separate;

package body Taylor_Log_BaseN is separate;

end Taylor_Series;
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3.3.6.8.9.7.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.7.8 LIMITATIONS

None.

3.3.6.8.9.7.9 LLCSC DESIGN

3.3.6.8.9.7.9.1 TAYLORRADIAN OPERATIONS PACKAGE DESIGN (CATALOG #P796-0)

This generic package contains functions providing Taylor polynomial solutions
for a set of trigonometric functions. This package is designed to handle units
of radians.

The following table lists the catalog numbers for subunits contained in tnis
part:

e

i
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I Name I Catalog _# I

Sin R 8term P797-0
Sin-R77term P798-0
SinR6term P799-0
Sin-R-5term P800-0
Sin-R-4term P801-0
Cos R 8term P802-0
Cos-R-7term P803-0
Cos-R-6term P804-0
Cos-R_5term P805-0

I Cos R 4term P806-0
Tan--8 term P807-0
ArcsinR 8term P808-0
Arcsin-R77term P809-0
ArcsinR_6term P810-0
Arcsin-R-5term P811-0
Arccos-R- term P812-0
Arccos-R-7term P813-0
ArccosR_6term P814-0
Arccos-R- term P815-0
Arcta-R-8term P816-0

I Arctan-C7term P817-0
ArctanR_6term P818-0
Arctan-R-5term P819-0C I Arctan-R4term P820-0
Alt Aretan R Bterm P821-0
AltCArctan R7 term P822-0
AlCArctaz-R-term P823-0
Alt-ArctanR-term P824-0
Alt-Arctan-R 4term P825-0
od-Sin R_-tirm P826-0
Mod-SinR_7term P827-0
Mod-SiCR76term P828-0
Mod-Sin-R-5term P829-0
Mod-Sin-R-4term P830-0
Mod Cos-R_8term P831-0
Hod-Cos-7term P832-0
Mod-Cos-R76term P833-0
Mod-Cos-R-5term P834-0
Mod-Cos-R-4term P835-0
MoTad-CfR8 term P836-0
Mod-Tan-R7term P837-0
Mod-TanR76term P838-0
Mod"Tan-R"6term P839-0
Mod-Tan-R-4term P840-0

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

'.1
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3.3.6.8.9.7.9.1.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R222.

3.3.6.8.9.7.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.7.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name ! Type I Description I

Radians I Floating point [ Allows floating point representation of
I I I radian measurements. I
Real I Floating point I General floating point representation. I

I Sin Cos Ratio j Floating point I Represents sines and cosines. I
I Tan-Ratio I Floating point I Represents tangent values.

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I
I [ Pi Over 2 I Radians I constant I constant value Pi divided by 2 I
PiOver4 Radians I constant I constant value Pi divided by 4 

Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

[ *" [ function I Overloaded operator to multiply radlans * radians I
I I I yielding a real result. I

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:
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I Function I Name I Type I Description I

Sine Input Radians Input for sine computation
Functions I

Cosine Input Radians I Input for cosine computation
Functions I

Tangent Input Radians I Input for tangent computation
Functions I

Arcsine Input Sin Cos Ratio I Input for Arcsine computation
Functions - - I

Arccosine Input Sin Cos Ratio Input for Arccosine computation
Functions I - I

Arctangent Input TanRatio I Input for Arctangent computation
Functions

3.3.6.8.9.7.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

01
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I Name I Type I Value I Description I

Sin R C3 constant -0.16666_6666 3rd term
- - - Icoefficient

Sin R C5 constant 0.00833_33333_3 5th term
coefficient

Sin R C7 constant 0.00019_84126_98 7th term
coefficient

Sin R C9 constant 0.00000_27557_3164 9th term
coefficient

Sin R Cli constant 0.00000_00250_51870_8 11th term
coefficient

Sin R C13 constant 0.00000_00001_60478_446 13th term
coefficient

Sin R C15 constant 0.00000_00000_00737_06627_7 15th term
coefficient

Cos R C3 constant -0.50000_0000 3rd term
- - - Icoefficient

Cos R C5 constant 0.04166_66666 5th term
coefficient

Cos R C7 constant -0.00138888888 7th term
I .... . coefficient
Cos R C9 constant 0.0000248015873 - 9th term

... . jcoefficient
Cos R CI constant -0.000000275573192 11th term

I ... . I coefficient I
Cos R C13 constant 0.00000_00020_87675_69 13th term

I I... . . coefficient
I Cos R C15 constant -0.000000000011470_7455 15th term

... . . Icoefficient
I Tan R C3 constant 0.33333_3333 3rd term

- - - coefficient
Tan R C5 constant 0.13333_3333 5th term

I I I coefficientI
I Tan R C7 constant 0.05396 82539 7th term

-- I' I coefficient
Tan R C9 constant 0.02186_96649 9th term

- - - Icoefficient
I Tan_R_C1I constant 0.00886_32355_2 11th term

coefficient
Tan R C13 constant 0.00359_21280_3 13th term

coefficient
Tan R C15 constant 0.00145583438 15th term

coefficient
ArcsinRC3 constant 0.16666_6666 3rd term

- - - Icoefficient
Arcsin R C5 constant 0.075 5th term

- - Icoefficient
Arcsin R C7 constant 0.04464 28571 7th term

.I--coefficient
Arcsin R C9 constant 0.03038 19444 9th term

-- coefficient
Arcsin R CI1 constant 0.02237 21591 l1th term I

- - - I coefficient I
ArcsinRC13 constant 0.01735_27644 13th term

- - I coefficient
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1 ArcsinRC15 constant 0.01396_48438 15th term
coefficient

ArctanRC3 constant 0.33333_3333 3rd term
-- -- I coefficient

ArctanRC5 constant -0.2 5th term
coefficient

ArctanRC7 constant 0.14285_7114 7th term
coefficient

ArctanRC9 constant -0.11111_1111 9th term
, coefficient

I ArctanRC11 constant 0.09090_90909 Ilth term
coefficient

ArctanRC13 constant -0.07692 30769 13th term
coefficient

ArctanRC15 constant 0.06666_66667 15th term
Icoefficient
AltArctan_R_C3 constant -0.333333333 3rd term

coefficient
AltArctan-R_C5 constant 0.2 5th term

coefficient
Alt ArctanRC7 constant -0.14285_7114 7th term

coefficient
AltArctanRC9 constant 0.111111111 I9th term

coefficient
Alt ArctanRCll constant -0.0909090909 11th term

coefficient
AltArctan_R_C13 constant 0.07692_30769 13th term

Icoefficient
AltArctanR_C15 constant -0.0666666667 15th termi

coefficient I

3.3.6.8.9.7.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.7.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Taylor Series)

package body TaylorRadianOperations is

.. -- The Sine constants are used in the Taylor operations for computing
-- the sine. The Cosine constants are used in computing cosines. In
-- the Modified Taylor operatigons, however, both sets of constants are
-- used. Constants are given for 9 digits of precision for both extended
-- and single precision. They are named to correspond to the power
-- of X (Input) with which they are termed.

Sin R C3 : constant := -0.16666 6667;
Sin-R-C5 : constant := 0.00833-33333 3;
Sin-R-C7 : constant := -0.00019-84126-98;
Sin-R-C9 : constant := 0.00000-27557-3164;
Sin-R-Cll : constant : -0.00000-002507518709;

- - - - - - - - - -i



CAMP Software Detailed Design Document Page 1496

Sin R C13 : constant := 0.00000 00001 60478 446;
SinRC15 : constant := -0.00000000C -00737-06627_8;

Cos R C3 : constant := -0.50000 0000;
Cos-R-C5 : constant.:- 0.04166-66667;
Cos-R-C7 : constant -0.00138-88888 9;
Cos"R-'C9 : constant := 0.00002-48015873;
Cos-R"Cll : constant := -0.0000002755 73192;
Cos-R-C13 : constant := 0.0000000020-87675 70;
Cos-R-C15 : constant := -0.00000-00000114707456;

Tan R C3 : constant := 0.33333 3333;
TaRn-R-C5 : constant := 0.13333-3333;
Tani-R"C7 : constant := 0.05396-82540;
Tan-R"C9 : constant :- 0.02186 9488;
Tan-R"C11 : constant := 0.00886-32355_3;
Tan"R-C13 : constant := 0.00359-212804;TanR7C15 : constant := 0.00145-5834379;

Arcsin R C3 : constant := 0.16666_6666;
Arcsin-R-C5 : constant := 0.075;Arcsin-R-C7 : constant := 0.04464 28571;

ArcsinR-C9 : constant := 0.03038-19444;
Arcsin-R"C11 : constant := 0.02237-21591;
ArcsinR-C13 : constant :- 0.01735-27644;
Arcsin"R-C15 : constant :- 0.01396_-48438;

Arctan R C3 : constant :- 0.33333_3333;
Arctan-R-C5 : constant := -0.2;
Arctan-R-C7 : constant :- 0.14285 7142;
Arctan-R-C9 : constant := -0.1111-1111;
Arctan-R-C11 : constant := 0.09090-90909;
Arctan-R-C13 : constant := -0.07692-30769;
Arctan-R-C15 : constant :f 0.06666-66667;

Alt Arctan R C3 : constant := -0.33333 3333;
Alt-Arctan-R-C5 : constant := 0.2; -
AltArctari-R-C7 : constant := -0.14285 7142;
AltArctanR-C9 : constant := 0.11111-1111;
Alt"Arctan"R-Cll : constant : -0.0909090909;
Alt-Arctan-R-Cl3 : constant := 0.07692-30769;
Alt ArctaR7Cl5 : constant ==-0.06666-66667;

---- Taylor Sine functions

function SinR_8term (Input : Radians) return SinCos Ratio is

Inter result : Real;
Result : Sin Cos Ratio;
XSquared : Radians;

begin
X Squared := Input * Input;
Inter-Result := ((((((Sin R C15 * X Squared +

Sin"RC13) * X Squared +
Sin-R-C11) * 2 Squared +

I !
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Sin R C9) * XSquared +
SinR--C7) * X Squared +
SinRC5) * X Squared +
Sin R C3) * X Squared;

Inter Result := Inter Result-* Real(Input) + Real(Input);
If Inter Result > 1.0 then

InterResult := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( inter Result );
return Result, -

end Sin_R_8term;

function Sin-R_7term (Input : Radians) return SinCosRatio is

Inter result : Real;
Result : Sin Cos-Ratio;
K_Squared : Radians;

begin
XSquared :. Input * Input;
Inter Result := (((((Sin R C13 * X Squared +

Sin-R"Cll) * KSquared +
Sin-R-C9) * X Squared +
Sin R-C7) * X-Squared +
Sin-R"C5) * J Siuared +
Sin-R-C3) * X Squared;

Inter Result Inter Result * Real(Input) + Real(Input);
If InterResult > 1.0-then

Inter Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( InterResult );
return Result;-

end Sin_R_7term;

function SinR_6term (Input : Radians) return Sin Cos Ratio is

Inter result : Real;
Result : Sin Cos Ratio;
X_Squared : Radians;

begin
X Squared := Input * Input;
InterResult := ((((Sin R Cll * X Squared +

Sin-R-C9) * X-Squared +
Sin R C7) * XSquared +
SinRC5) * X Squared +
Sin-R-C3) * X-Squared;

Inter Result := Inter Result * Real(Input) + Real(Input);
If InerResult > 1.0-then

Inter Result := 1.0;
elsif Inter Result < -1.0 then

-- 1
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Inter Rcsult := -1.0;
end if;
Result := SinCos Ratio( Inter-Result )
return Result;

end SinR_6term;

function SinR_5term (Input : Radians) return Sin Cos Ratio is

Inter result : Real;
Result : Sin CosRatio;
X Squared : Radians;-

begin
X_Squared := Input * Input;
Inter-Result := (((Sin R C9 * X -Squared +

Sin7RC7) * XSquared +
Sin7RC5) * XSquared +
Sin7R C3) * X Squared;

Inter Result := Inter Result * Re-al(Input) + Real(Input);
If InterResult > l.O-then

Inter Result :. 1.0;
elsif In~erResult < -1.0 then

Inter Result :. -1.0;
end if;
Result := SinCosRatio( InterResult )
return Result;

end Sin-R_5term;

function SinR_4term (Input : Radians) return Sin Cos-Ratio is

Inter result : Real;
ResulEt : Sin CosRatio;
XSquared : Radians;

begin
XSquared := Input * Input;
InterResult :. ((SinR C7 * X Squared +

Sin7R7C5) * X Squared +
Sin R7C3) * XChquared;

Inter Result :. Inter We-sult * Rial(Input) + Real(Input);
If I~terResult > 1.O-then

Inter7Result :. 1.0;
elsif Inier Result < -1.0 then

InterResult := -1.0;
Y end if;

Result := Sin CosRatio( InterResult )
return Result*

end SinR_4term;

--- Taylor Cosine functions

function CosR_8term (Input :Radians) return SinCosRatio is

Inter-result :Real;

OW I U~. LM U 4-pw U% JV~. "LM JW Oft LN av "M aN M vu~ krA~A~fft blR X1NX vWKMa
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ModInput : Radians;
Result : Sin Cos Ratio;
X_Squared : Radians;

begin
if Input > PiOver 2 then

ModInput : Pi - Input;
else

Mod input := Input;
end if,
X_Squared := ModInput * Mod Input;
InterResult :. ((((((Cos R7C15 * XSquared +

Cos-R-C13) * X Squared +
Cos-R-C11) * X-Squared +
Cos-R C9) * X Squared +
Cos-R-C7) * X Squared +
Cos-R-C5) * X Squared +
Cos-R-C3) * XSquared;

Inter Result := Inter Result-+ 1.0;
if Input > Pi Over 2 Then

Inter Result :=-- InterResult;
end if; -
If Inter Result > 1.0 then

Inter-Result :- 1.0;
elsif Inier Result < -1.0 then

InterResult :. -1.0;
end if;
Result :- SinCosRatio( Inter-Result );

return Result;
end Cos_R_8term;

function CosR-7term (Input : Radians) return SinCosRatio is

Inter result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Radlans7

begin
If Input > Pi Over 2 then

ModInput :- Pi - Input;
else

Mod Input :- Input;
end if,.

X Squared :. Mod Input * Mod Input;
InterResult :f-(((((Cos R _13 * XSquared +

CosRC!I) * XSquared +
Cos RC9) * X Squared +
Cos R-C7) * XSquared +
Cos-R-C5) * XSquared +
Cos"R-C3) * X Squared;

Inter Result :- Inter Resul. + 1.0;
If Input > Pi Over_2 Then

Inter Result :=-- Inter Result;
end if;
If Inter Result > 1.0 then
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Inter Result := 1.0;
elsif InTer Result < -1.0 then

InterResult := -1.0;
end if;
Result := Sin CosRatio( InterResult );

return Result;
end Cos_R_7term;

function Cos_R_6term (Input : Radians) return SinCosRatio is

Inter result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Radians;

begin
If Input > PiOver_2 then

Mod Input := Pi - Input;
else

ModInput := Input;
end if;
XSquared := Mod Input * Mod Input;
Inter Result := -((((Cos R CI * XSquared +

Cos R C9) * X Squared +
Cos-R-C7) * X-Squared +
Cos"R-C5) * X-Squared +
Cos-R-C3) * XSquared;

Inter Result := Inter Result + L.O
If Input > Pi Over 2 Then

InterResult :.x- Inter Result;
end if;
If Inter Result > 1.0 then

InterResult :f 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := SinCosRatio( Inter Result );

return Result;
end CosR_6term;

function Cos_R_5term (Input : Radians) return SinCosRatio is

Inter result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Radians;

begin
If Input > Pi Over 2 then

ModInput := Pi-- Input;
else

ModInput := Input;
end if;
X Squared := Mod Input * Mod Input;

A.: Interr:esult := -(((Cos_R_C9- * XSquared +

0.4
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Cos R C7) * XSquared +
Cos R C5) * XSquared +
Cos-R-C3) * XSquared;

Inter Result := Inter Result + 1.0;
If Input > Pi Over_2 Then

InterResult := - InterResult;
end if;
If InterResult > 1.0 then

InterResult := 1.0;
elsif InTer Result < -1.0 then

Inter Result := -1.0;
end if;
Result := SinCosRatio( Inter Result );

return Result;
end CosR_5term;

function CosR_4term (Input : Radians) return Sin Cos Ratio is

Inter result : Real;
ModInput : Radians;
Result : Sin Cos Ratio;
XSquared : Rad-ans;

begin
If Input > Pi Over_2 then

Mod Input := Pi - Input;
else

ModInput :- Input;
end if;
X Squared := Mod Input * Hod Input;
InterResult := -((Cos R C7 * X Squared +

Cos R C5) * kCSquared +
Cos"R-C3) * X Squared;

Inter Result := Inter Result + I.0;
If Input > Pi Over 2 Then

InterResult :=-- Inter Result;
end if;
If Inter Result > 1.0 then

Inter-Result :- 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin_CosRatio( InterResult );

return Result;
end CosR_4term;

.. -- Taylor tangent functions

function Tan_R_8term (Input : Radians) return Tan-Ratio is

Inter result : Real;
Result : Tan Ratio;
X_Squared : Radlans;

begin

!i.A
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XSquared := Input * Input;
Inter Result := ((((((Tan R C15 * X Squared +

TanRC13) * X Squared +
TanRCII) * X Squared +
Tan R C9) * XSquared +
Tan-R-C7) * XSquared +
Tan-R-C5) * X Squared +
Tan RC3) * XSquared;

Result := TanRatio(Inter_Result * Real(Input) + Real(Input));
return Result;

end Tan_R_8term;

.. -- Taylor arcsine functions

function Arcsin_R_8term (Input : Sin Cos Ratio) return Radians is

Inter result : Real;
Result : Radians;
X Squared : Real;

begin
XSquared := Real(Input * Input);
Inter Result :- ((((((Arcsin R C15 * X Squared +

ArcsinR"Cl3) * f-Squared +
Arcsin-RCl1) * XSquared +
Arcsin R C9) * X Squared +
Arcsin-R"C7) * X Squared + e
Arcsin-R-C5) * X Squared +
ArcsinR:C3) * X-Squared;

Result := Radians(InterResult W Real(Input) + Real(Input));
return Result;

end Arcsin_R_8term;

function Arcsin_R_7term (Input : Sin_CosRatio) return Radians is

Inter result : Real;
Resulf : Radians;
X_Squared : Real;

begin
XSquared := Real(Input * Input);
InterResult :. (((((Arcsin R C13 * X Squared +

Arcsin_0Cll) * X-Squared !.
Arcsin-R-c9) * XSquared +
Arcsin-R-C7) * X Squared +
Arcsin-RCS) * XSquared +
Arcsin-R-C3) * X Squared;

Result := Radians(InterResuIt-* Real(Input) + Real(Input));
return Result;

end ArcsinR_7term;

function Arcsin_R_6term (Input : Sin_CosRatio) return Radians is

Inter-result : Real;

IN
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Result : Radians;
X_Squared : Real;

begin
X Squared := Real(Input * Input);
Inter-Result := ((((Arcsin R CI1 * XSquared +

ArcsinR C9) * X_Squared +
Arcsin-RC7) * XSquared +
Arcsin-R-C5) * XSquared +
Arcsin'-C3) * X Squared;

Result :. Radians(InterResulE * Real(fnput) + Real(Input));
return Result;

end Arcsin_R_6term;

function ArcsinR_5term (Input : SinCosRatio) return Radians is

Inter result : Real;
Resul-t : Radians;
XSquared : Real;

begin
X_Squared :- Real(Input * Input);
Inter Result :w (((Arcsin R C9 * XSquared +

- Arcsin-R-C7) * X Squared +
Arcsin-R-C5) * X-Squared +
Arcsii-R-C3) * X-Squared;

Result :. Radians(Inter Result * ReaI(Input) + Real(Input));
return Result;

end Arcsin_R_Sterm;

--.. Taylor arccosine functions

function Arccos_R_8term (Input : SinCosRatio) return Radians is

Inter result : Real;
Resull : Radians;
X_Squared : Real;

*begin
XSquared := Real(Input * Input);
Inter Result :f ((((((Arcsin R C15 * X Squared +

Arcsi-RTC13) * X-Squared +
Arcsin-R-Cll) * X Squared +
Arcsin RC9) * X_Squared +
Arcsin-R-C7) * X Squared +
Arcsin-R-C5) * X_-Squared +
Arcsin-R-C3) * X Squared;

Result := Pi Over 2 - (Radians(YnterResult * Real(Input) + Real(Input)));
return Result;

end ArccosR_8term;

function Arccos_R_7term (Input : SinCosRatio) return Radians is

Interresult : Real;

S.'
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Result : Radians;
XSquared :Real;

begin
X_-Squared := Real(Input * Input);
Inter Result := (((((Arcsin R C13 * X Squared +

ArcsinR C11) * X - quared +
ArcsinR90) * X_-Squared +
Arcsin R C7) * X -Squared +
ArcsiCRCS) * X-Squared +
Arcsin R C3) * f-Squared;

Result := Pi IOver_-2 - (RadiansTInterResult *Real(Input) + Real(Input)));
return Result;

end ArccosR_7 term;

function Arccos_-R_-6term (Input :SinCosRatio) return Radians is

Inter result :Real;
Resultf Radians;
X_Squared : Real;

begin
X_-Squared :- Real(Input * Input);
Inter-Result := ((((Arcsin -R C11 * X Squared +

Arcsin -RC9) * X Squared +-
ArcsinRCC7) * X( Squared +
ArcsinRC5) * iCSquared +e
ArcsinRC3) * X Squiared;

Result :- Pi Over 2 - (Radians(InterResult * Real(Input) + Real(Input)));
return Result;

end ArccosR_6term;

function Arccos RSterm (Input : SinCosRatio) return Radians is

Inter result : Real;
Result : Radians;
X-Squared : Real;

begin
X_-Squared :- Real(Input * Input);
interResult :- (((Arcsin -R -C9 * X Squared +

Arcsin R C7) * X-Squared+
Arcsin1CC5) * X-Squared +
ArcsinRC3) * X-Squared;

return Result;
end ArccosR_5term;

- -Taylor Arctangent functions

--- Used when jInputj > 1

function ArctanR_8term(Input :TanRatio) return Radians is

Input_Squared : Radians;
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Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp -PiOver_2;
else

Temp := PiOver_2;
end if;
Inverse := 1.0 / Input;
Input Squared := Radians(Inverse * Inverse);
ResulE :f Temp + (((((((Arctan_R_C15 * InputSquared +

Arctan R C13) * Input_Squared +
Arctan-R C11) * Input-Squared +
ArctanR-C9) * Input-Squared +
ArctanR"C7) * Input-Squared +
Arc tanR7h) * Input Squared +
ArctanR-C3) * InputSquared -
1.0) *-Radians(Inverse);

return Result;
end ArctanR_8term;

function Arctan_R_7term(Input : Tan Ratio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <. 1.0 then

Temp :=-PlOver_2;
else

Temp := P._Over_2;
end if;
Inverse := 1.0 / Input;
InputSquared := Radians(Inverse * Inverse);
Result := Temp + ((((((ArctanR_C13 * InputSquared +

Arctan R Cli) * InputSquared +
ArctanRC9) * InputSquared +
Arctan RC7) * InputSquared +
ArctanR"C5) * Input-Squared +
Arctan-R"C3) * Input Squared
1.0) *-Ridians(Inverse);

return Result;

end ArctanR_7term;

function Arctan_R_6term(Input : TanRatio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : Radans;
Temp : Radians;

-- ---- ----- ---- ----- ---- ---
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begin
if Input <= 1.0 then

Temp -PiOver_2;
else

Temp PiOver_2;
end if;
Inverse := 1.0 / Input;
InputSquared := Radians(Inverse * Inverse);
Result := Temp + (((((Arctan R C11 * Input_Squared +

ArctanR C9) * InputSquared +
Arctan_RC7) * InputSquared +
Arctan_R C5) * InputSquared +
ArctanR C3) * InputSquared -
1.0) *-Ridians(Inverse);

return Result;
end ArctanR_6term;

function Arctan_R_5term(Input : TanRatio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : RadCians;
Temp : Radians;

begin
if Input <. 1.0 then

Temp = -PiOver_2;
else

Temp, := PiOver_2;
end if;
Inverse :- 1.0 / Input;
InputSquared := Radians(Inverse * Inverse);
Result := Temp + ((((Arctan_R_C9 * InputSquared +

ArctanR C7) * Input Squared +
Arctan-RC5) * Input-Squared +
Arctan-R-C3) * Input Squared -

1.0) *-Radians(Inverse);
return Result;

end Arctan R 5term;

function ArctanR_4term(Input : TanRatio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PiOver_2;
else

Temp := PiOver_2;
end if;
Inverse := 1.0 / Input;
Input_Squared := Radians(Inverse * Inverse);

04t
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Result := Temp + (((Arctan R C7 * InputSquared +
Arctln-RC5) * InputSquared +
Arctan R C3) * InputSquared -
1.0) * R-dians(Inverse);

return Result;
end ArctanR_4term;

--- Alternate Taylor Arctangent functions

--- Used when llnputi < 1

function AltArctanR_8term(Input : Tan-Ratio) return Radians is

Input_-Squared : TanRatio;
Inter Result : Tan Ratio;
Resul-t : Radians;

begin
InputSquared :=Input * Input;
Inter-Result :~((((((AltArctanR-C5 * InputSquared +

A Alt Arctan R C13) * InputSquared +
AltCArctaifICCll) * InputSquared +

t AltArctan ICC9) * Input-Squared +
AltArctanrCR7) * InputSquared +
Alt ArctaifRCh5) * Input-Squared +
Alt ArctanfICC3) * Input Squared;

Result :. Radians(Inter Result * Input + Input);7
return Result;

end AltArctan R 8term;

function Alt ArctanR_7terua(Input : Tan-Ratio) return Radians is

InputSquared : Tan Ratio;
Inter Result : TanCkatio;
ResulEt : Radians;

begin
Input Squared :=Input * Input;
InterResult :=(((((Alt Arctan R C13 * InputSquared +

SAlt Arctan RC11) * Input-Squared +
Alt ArctanRJCC9) * Input Squared +
Alt Arctan-RC7) * Input-Squared +

AltArctanRIC5) * InputSquared +
Alt Arctan RC3) * InputSquared;

Result :. Radians(InterResult W Input + Input);
return Result;

end Alt ArctanR_7term;

function AltArctan R6term(Input :Tan Ratio) return Radians is

InputSquared : Tan -Ratio;
Inter Result : Tan Ratio;
Result : Radians;

begin

4~
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InputSquared := Input * Input;
Inter Result := ((((AltArctan R _CI * InputSquared +

Alt-ArctanRC9) * InputSquared +
Alt-Arctan-R-C7) * InputSquared +
Alt-Arctan-RC5) * InputSquared +
Alt-Arctan-R-C3) * InputSquared;

Result := Radians(InterResult-*-Input + Input);
return Result;

end AltArctan_R_6term;

function AltArctan_R_5term(Input : Tan-Ratio) return Radians is

InputSquared : Tan Ratio;
Inter Result : Tan Ratio;
Resuli : Radians;

begin
InputSquared := Input * Input;
InterResult := (((AltArctan R C9 * InputSquared +

Alt-Arctanl--C7) * InputSquared +
Alt-ArctanR-C5) * Input Squared +
Alt -Arctan-R"C3) * InputSquared;

Result := Radians(Inter ResulE W Input + Input);
return Result;

end AltArctanR_5term; e
function AltArctan_R_4term(Input : Tan-Ratio) return Radians is

Input Squared : Tan Ratio;
Inter Result : Tan Ratio;
Result : Radians;

begin
InputSquared := Input * Input;
InterResult := ((Alt Arctan R C7 * InputSquared +

Alt-Arctan-R-C5) * Input_Squared +
Alt-Arctan-"C3) * Input Squared;

Result := Radians(Intir Result * Input + INput);
return Result;

end Alt Arctan R 4term;I -- Modified Taylor Sine functions

function ModSin.iR_8term(Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter -Result- : Real;
Resulf : Sin Cos Ratio;
X_Squared : Real;

begin
if abs(Input) >. Pi Over 4 then

Inter Result 0 := ReaI(Pi Over 2 - Abs(Input));
X._SquCared :=-InterResult-O * Inter.Result0;

PA La 2t,. r iti A ti i . E ,1 S .AS S ' S f "tf 'T.1 ..Ai ia nSi itRr SI LL J S S , Sr Si fl5. S,
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InterResult 1 := ((((((Cos_R_C15 x X_Squared +
Cos R C13) XSquared +
Cos-RC11) * X-Squared +
Cos-RC9) * X-Squared +
Cos-RC7) * X-Squared +
Cos-RC5) * XSquared +
CosRC3) * XSquared;

InterResulti := Inter Result 1 + 1.0;
If Input < Pi Over4-then

Inter Result f Inter Result 1;
end if;

else
X Squared := Input Input;
Inter Result 1 := ((((((SinRC15 * X Squared +

- Sin RC13) * X-Squared +
Sin-RCll) * X-Squared +
SinR-C9) * X-Squared +
Sin-RC7) * X Squared +
Sin-PRC5) * X-Squared +
SinR-C3) * X -Squared;

Inter Result_1 := InterResulf 1 * ReaI(Input) + Real(Input);
end if;
if Inter Result 1 > 1.0 then

Inter-Result 1 :- 1.0;
elsif Inter Result :1 < -1.0 then

Inter Result 1 T- -1.0;
end if;
Result := Sin Cos Ratio( InterResult 1 );
return ResultT

end Mod Sin_R_8term;

function Mod Sin R 7term (Input : Radians) return Sin CosRatio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Resul t : Sin Cos Ratio;
XSquared : Real; -

begin
if abs(Input) >= Pi Over 4 then

Inter Result 0 := ReaI(PiOver 2 - Abs(Input));
X Squared :=- Inter Result 0 * Inter Result 0;
InterResult1 = T((((CosR C13 *-X Squared +

Cos R"ClI) * X-Squared +
Cos-R-C9) * X-Squared +
Cos-R-C7) * X-Squared +
Cos-R-C5) * X-Squared +
Cos-R-C3) * X Squared;

Inter Result 1 := Inter Result 1 + 1.U;
If Input <= Pi Over_4 then

Inter Result := - Inter Result 1;
end if;

else
X Squared := Input * Input;
Inter Result 1 (((((SinRC13 * X Squared +

SinRCll) * XSquared +



CAMP Software Detailed Design Document Page 1510

Sin R C9) * X Squared +
Sin-RC7) * X Squared +
Sin-R-C5) * X Squared +
SinR-C3) * X Squared;

InterResult 1 Inter ResuIt_1 * Real(Input) + Real(Input);
end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result 1 := -1.0;
end 'f;
Result := Sin CosRatio( InterResult_1 );
return Result;

end ModSin R 7term;

function Mod Sin R 6term (Input : Radians) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter Result-1 : Real;
Result : Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >. Pi Over 4 then

InterResult 0 := ReaI(PiOver 2 - Abs(Input));
X Squared :. Inter Result 0 * Inter Result 0;
InterResult1 :- (((CosRC11 * X_Squared +

Cos R C9) * X Squared +
Cos R C7) * XSquared +
Cos R"C5) * X Squared +
Cos-R-C3) * XSquared;

Inter Result 1 := Inter Result_1 + 1.0;
If Input <. - Pi Over 4-then

Inter ResultI := -1 InterResult_1;
end if;

else
X Squared :. Input * Input;
Inter Result 1 := ((((Sin R CI1 * XSquared + 4

Sin-R-C9) * X Squared +
SIn-R-C7) * X Squared +
Sin-R-C5) * XSquared +
Sin-R-C3) * XSquared;

InterResult 1 := Inter Result1 * Real(Input) + Real(Input);
end if;
if Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif InTer Result 1 < -1.0 then

Inter Result 1 7= -1.0;
end if;
Result := Sin CosRatio( Inter Result_1 );
return Result-

end ModSin_R_6term;

function ModSinR 5term (Input : Radians) return Sin Cos Ratio is

o_ R e Si_ OwRatiowaw aw Lft AI
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InterResult 0 : Real;
InterResult-l : Real;
Result : Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >. PiOver 4 then

InterResult_-0 :;; ReaI(Pi Over 2 -Abs(Input));
X Squared :. Inter Result 0 * Inter Result 0;
IterResultI T=~((Cos N C9 * X SquaredF+

CosRk-C7) * X Squared +
CosRWC5) * X Squared +
Cos RC3) * 3CSquared;

InterResult 1 :=Inter Result_1 + 1.0;
If Input <= : Pi Over_4-then

Inter_-Result-f = Inter Result 1;
end if;

else
XSquared :. Input *Input;
InterResult_1 :=(((Sin R C9 * X Squared +

Sin7RC7) * X -Squared +
SinRCS) * X Squared +
SinRkC3) * X-Squared;

Inter -Result 1 :-Inter Result_1 k*Real(Input) + Real(Input);
end if;
if Inter Result 1 > 1.0 then

InterResult 1 :. 1.0;
elsif interResUlt 1 < -1.0 then

Inter_-Result 1 -. -1.0;
end if;
Result :. Sin-Cos_-Ratio( InterResult_1 )
return Result-,

end ModSinRSterm;

function Mod-Sin-R-4term. (Input : Radians) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter-Result-l : Real;
Resulf : Sin Cos Ratio;
XSquared : Real;

begin
if abs(Input) >. Pi Over 4 then

InterResult_0 :;; ReaI(Pi Over 2 - Abs(Input));
X Squared :=z Inter ResultO * Inter Result T0;
Inter Result_1 := (Cos -lfC7 * XSquared +~

Cos-R7CS) * X Squared +
Cos RC3) * XSquared;

Inter_-Result 1 :=Inter R esult_-1 +1.0;
If Input <= Pi Over 4 then

Inter -ResultI = InterResult_1;
end if;

else
X _Squared :. Input *Input;
InterResult_1 := ((Sin R C7 * X Squared +

Sin7RCS) * X Squared +

w. W. KM&.X Ir. k% WU v~v wL .VV'% r C NU KU MV NU WU WU MVj WU IrVt WVU ffuV XW Jr. W% WMV NN V WN. .. WV XV V-.XWV WVA xNV M* "~dK IbEKJ ANXKJ
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Sin R C3) * X Squared;
Inter Result_1 := Inter Result 1 X Real(Input) + Real(Input);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result_1 -- -1.0;
end if;
Result := Sin-CosRatio( InterResult_1 );
return Result;

end ModSinR_4term;

.. -- Modified Taylor Cosine functions

function ModCos_R_8term(Input : Radians) return SinCos-Ratio is

Inter Result 0 : Real;
Inter -Result-I : Real;
Mod_Iinput : Radians;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
if (Input <. Pi Over 4) or (Input >. 3.0 * PiOver.4) then

if Input > PT Over 2 then
ModInput := Pi - Input;

else
Mod Input := Input;

end if;-,
X Squared := Mod Input * Mod Input;
InterResult_1 : ((((((CosR C15 * XSquared +

Cos R C13) * XSquared +
Cos-R-C11) * XSquared +
CosR_C9) * X_Squared +
CosR_C7) * XSquared +
CosR_CS) * XSquared +
Cos R C3) * X Squared;

Inter Result 1 := Inter Reiult_1 + 170
If Input > PT Over 2 then

Inter Result 1 T= - InterResult_1;
end if;

else
Inter Result 0 := Real(PiOver 2 - Input);
XSquared := Inter Result 0 * Inter Result_0;
Inter Result 1 := (((((STn R C15 X X Squared +

Sin-R-C13) * X-Squared +
SinR-C11) * X Squared +
Sin R_C9) * XSquared +
Sin RC7) * X Squared +
Sin-R-C5) * X-Squared +
Sin-R C3) * X-Squared;

InterResult_1 := Inter.Resul.l * Inter Result_0 + Inter Result_0;
erd 1f;
If Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif Inter Result_1 < -1.0 then
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* Inter Result 1 := -1.0;
end if;
Result := Sin CosRatio( Inter Result_1 );
return Result;

end ModCosR_8term;

function ModCosR_7term(Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * Pi Over 4) then

* if Input > PT OveJr2 then
Mod_Input := Pi - Input;

else
Mod_Input := Input;

end if;
X.Squ;red :. Hod Input * Hod Input;
Inter Result 1 (((((Cos * X_Squared +- - (((oRC13 *

Cos-RFC11) * X Squared +
Cos-RC9) * X 'quared +
Cos-R C7) * XSquared +
Cos"RC5) * XSquared +
Cos_-Cc3) * X Squared;

Inter Result 1 := Inter Result 1 1.0 ;
A If Input > PT Over 2 thei -

InterResult_1 T= - InterResult_1;
end if;

else
InterResult 0 :. Real(Pi Over 2 - Input);
XSquared :.-Inter Result 0 * InterResult 0;
InterResult 1 := ((((Sin R C13 * XSquared +

Sin RCli) * X Squared +
Sin-RC9) * X Squared +
SinR-C7) * X_Squared +
Sin"RCS) * XSquarod +
SLn"R-C3) * X Squareo;

interResult 1 :1 InterResult_1 * Inter_Result 0 + InterResult 0;
end if;
If inter Result 1 > 1.0 then

Inter Result 1 := 1.0;
elsif Inler Result 1 < -1.0 then

0 Inter Result 1 := -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result;

end ModCos_R_7term;

function ModCosR_6term(Input : Radians) return SinCosRatio is

InterResultO : Real;
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Inter Result 1 : Real;
ModInput : Radians;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 " Pi Over_4) then

if Input > P Ovei 2 then
ModInput T= Pi-- Input;

else
Mod Input := Input;

end if;
X_Squared := Mod Input * Mod Input;
InterResult 1 : ((((Cos R Cl * XSquared +

Cos-R-C9) * X Squared +
Cos-R-C7) * XSquared +
Cos-R-C5) * X-Squared +
Cos-RC3) * X Squared;

Inter Result 1 := Inter Result_1 +-1.0
If Input > P1 Over 2 then

Inter Result 1 := - Inter Result 1;
end if;

else
Inter Result 0 := Real(Pi Over 2 - Input);
X Squiared :.w-Inter Result 0 * Inter Result 0;
InterResult 1 :T (((Sin-RC1I * I Squared +

SinRC9) * Xquared +
SinRC7) * X Squared +
Sin-R-C5) * X-Squared +
Sin RC3) *X Suared;

Inter Result 1 :- Inter Result_1 * Inter Result 0 + Inter Result 0;
end if; ..
If Inter Result 1 > 1.0 then

Inter-Result-1 :. 1.0;
elsif InCter Result 1 < -1.0 then

Inter Result I = -1.0;
end if;-

Result := SinCosRatio( InterResult 1 );
return Result;

end Mod CosR_6teru;

function ModCos_R_5teru(Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter Result 1 : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * Pi Over4) then

if Input > PT Over 2 thien -

ModInput :- Pi - Input;
else

Mod Input := Input;
end if;
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X Squared := Mod Input * Mod Input;
InterResult_1 := (((CosR C9 * X Squared +

Cos R7C7) * X Squared +
Cos-R-C5) * XCSquared +
Cos R C3) * X Squared;

Inter Result 1 := Inter-Risult_1 T 1.0
If Input > PT Over 2 then

Inter Result_1 := - InterResult_1;
end if;

else
Inter Result 0 :. Real(Pi Over 2 - Input);
X Squared :-Inter Result-0 * Inter Result 0;
Inter Result_1 :- ((Sin R C9 * XSquared-+

Sin-R-C7) * X-Squared +
Sin-R-C5) * X-Squared +
Sin"R-C3) * X-Squared;

Inter Result_1 :- InterResult_1 *-Inter Result_0 + InterResult_0;
end if;
If Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result 1 := -1.0;
end if;

Result :- Sin CosRatio( Inter Result_1 );
return Result.;

end ModCosR_5ter;

function ModCos_R_4term(Input : Radians) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter-Result-l : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
if (Input <- Pi Over 4) or (Input >. 3.0 * Pi Over 4) then

if Input > PT OveF 2 then - t
Mod Input 7. Pi-- Input;

* else
Mod Input :- Input;

end if-
X Squared :- Mod Input * Mod Input;
InterResult1 := ((Cos R C7- * X Squared +

Cos RC5) * X Squared +
CosR-C3) * Xsquared;

Inter Result 1 := InteWresult_-+ 1.0 ;
If Input > PT Over 2 thin

Inter Result_1 7- - InterResult_1;
end if;

else
Inter Result 0 := Real(Pi Over 2 - Input);
X Squared :--Inter Result 0 * Inter Result 0;
Inter Result_1 :- T(SnRC7 * X Sjuared+

Sin-RCS) * f-Squared +
Sin7R-C3) * X-Squared;
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Inter_-Result I := Inter Result_1 * InterResult_0 + InterResult_0;
end if ;
If Inter Result_1 > 1.0 then

InterResult 1 :=1.0;
elsif Inter Result_1 < -1.0 then

Inter Re-sult_1 -=-1.0;
end if;
Result :- Sin Cos Ratio( InterResult_1 )
return Resultr-,_

end Mod CosR_4term;

--- Modified Taylor tangent functions

function Hod Tan RBterm (Input : Radians) return TanRatio is
begin

return Tan Ratio(Sin R Bterm(Input))/
v Tan7Ratio(Cos R8term(Input));

end HodTanRBterm;

begcin Ho-- R7term (Input : Radians) return TanRatio is

return Tan Ratio(Sin R7ter(Input))/
Tanfkatio(Cos-R7term(Input));

end Hod Tan-R7ters;

function HodTanR_6ters (Input : Radians) return Tani Ratio is
begin

return Tan Ratio(Sin R6ter(Input))/
Tan7Ratio(Cos-R6ter(Input));

end Hod TanR76ter.;

function ModTanR_5term (Input : Radians) return TanRatio is
begin

return Tan Ratio(SinR_5tern(Input))/
Tan7Ratio(Cos R5term(Input));

end Mod Tan-R5ters;

function HodTanR-4ters (Input : Radians) return Tan-Ratio isI begin
return Tan Ratio(Sin R4ter(Input))/

Tan-Ratio(CosR4ter(Input));
end Mod TanR74term;

end Taylor RadianOperations;

3.3.6.8.9.7.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.8.9.7.9.1.8 LIMITATIONS

None.

3.3.6.8.9.7.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.7.9.1.10 UNIT DESIGN

None.

3.3.6.8.9.7.9.2 TAYLORDEGREE OPERATIONS PACKAGE DESIGN (CATALOG #P841-0)

This generic package contains functions providing Taylor polynomial solutions
for a set of trigonometric functions. This package is designed to handle units
of degrees.

1The following table lists the catalog numbers for subunits contained in this
part:

IName jCatalog _#

SnD Bterm I P842-01

ISin D77term P843-0
SinD66term P844-0
ISinD-5term P845-0 I
ISin D 4term P867-0 I
ICosD68term j P846-0
ICos D77term I P847-0
ICosD66term I P848-0
ICos7D5term I P849-0
ICosD64term I P850-0
ITanb D8term I P851-0 I
IModCS-n D 8 term I P852-0 I
IMod Sin D77Therm P853-0 I
I C-SinfD6 tera P854-0
I Iinb5tr P855-0
I C-Sin-h4 term I P856-0
Mo CCosD68 term P857-0

I od-CosD67 term P858-0
I d-CosfF6 term I P859-0 I
IMod Cos D Sterm P860-0 I
IMod-hos--4 term P861-0 I
IMod-Tan D8tern P862-0 I
IMod Tan D7term I P863-0 I
IMod TaiD76term I P864-0 I
IMod-Tan -5 term I P865-0
Mod-Tan-D4 term IP866-0I

go
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.7.9.2.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R222.

3.3.6.8.9.7.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.7.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

Name j Type I Description

[ Degrees [ Floating point [ Allows floating point representation of I
I . I I degree measurements.
I Real j Floating point I General floating point representation.
Sin Cos Ratio [ Floating point [ Represents sines and cosines. I

I Tan-Ratlo I Floating point I Represents tangent values. I

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I Pi I Degrees I constant I constant value Pi I

Subpzograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description I

I "*" I function I Overloaded operator to multiply degrees * degrees J
I I I yielding a real result. I

FORMAL PARAMETERS:
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The following table describes the formal parameters for the functions contained
in this part:

I Function Name I Type I Description I

I Sine I Input I Degrees I Input for sine computation I
Functions I I I

Cosine I Input I Degrees I Input for cosine computation I
I Functions I I I i
I Tangent I Input j Degrees I Input for tangent computation I
I Functions I I I I

3.3.6.8.9.7.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I
I
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Name I Type I Value I Description I

Sin D C3 constant -31348.4915 3rd term
coefficient

Sin D C5 constant 145 551.339 5th term
coefficient

Sin D C7 constant -402186871.0 7th term
coefficient

Sin D C9 constant 18 337 520 600.0 9th term
coefficient

Sin D Cli constant -547_254_221_000.0 11th term
coefficient

Sin D C13 constant I11 508 293 600 000.0 13th term
coefficient

Sin D C15 constant -173 518 597 000 000.0 15th term
coefficient

Cos D C2 constant -1641.40317 3rd term
coefficient

Cos D C4 constant 449_134.064 5th term
"II coefficient
I CosDC6 constant -49_136395.8 7th term

D Icoefficient
I Cos_ _C8 constant 2880451290.0 9th term
I I -I- - coefficient
Cos D CO constant -105066264000.0 11th term

... . . Icoefficient
Cos D C12 constant 2 612 971 200 000.0 13th term... . . .coefficient

CosD_C14 constant -47_131 200 400 000.0 15th term
- - - Icoefficient

Tan D C3 constant 62_969.9829 3rd term
coefficient

Tan D C5 constant 82328821.4 5th term
coefficient

Tan_D_C7 constant 1.09349829E1I 7th term
coefficient

Tan DC9 constant 1.45527752E14 9th term
,IIcoefficient
Tan D C11 constant 1.93616001E17 11th term j

I I I Icoefficient!
TanD_C13 constant 2.57600101E20 13th term

coefficient
Tan_D_C15 constant 3.42729_477E23 15th term

coefficient

3.3.6.8.9.7.9.2.5 PROCESS CONTROL

Not applicable.
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3.3.6.8.9.7.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Taylor Series)
package body TaylorDegreeOperations is

.. -- The Sine constants are used in the Taylor operations for computing
-- the sine. The Cosine constants are used in computing cosines. In
-- the Modified Taylor operations, however, both sets of constants are
-- used. They are named to correspond to the power of X (Input) with
-- which they are termed.

Sin D C1 : constant := 1.74532 92e-02;
Sin-D-C3 : constant :f -8.86096-158e-07;
Sin-D-C5 : constant := 1.34960162e-11;
SinD-C7 : constant :- -9.788387484e-17;
Sin-D-C9 : constant :- 4.14126-699e-22;
Sin-D-Cll : constant := -1.14680-931e-27;
Sin-D-C13 : constant :f 2.23780-628e-33;
SinDC15 : constant := -3.13088-457e-39;

Cos D CO : constant :- 1.74532 92e-02;
Cos-D-C2 : constant :- -1.52308-710e-04;
Cos-D-C4 : constant :. 3.86632-386e-09;
Cos-D-C6 : constant :- -3.925837199e-14;
Cos-D-C8 : constant := 2.13549-430e-19;
Cos-DC10 : constant :- -7.22787-516e-25;
Cos-DC12 : constant :- 1.667987234e-30;
Cos-D7C4.: constant :- -2.79173-888e-36;

Tan D C1 : constant : 1.74532 92e-02;
Tan-D-C3 : constant : 1.77219-231e-06;
Tan-D-C5 : constant : 2.15936-259e-10;
Tan-D-C7 : constant : 2.66244-068e-14;
Tan-D-C9 : constant : 3.28653-633e-18;
Tan-D-C11 : constant : 4.05735-804e-22;
Tan-D-C13 : constant : 5.00907-561e-26;
Tan-D-C15 : constant : 6.184047282e-30;

.. -- Taylor Sine functions

function Sin D_8term (Input : Degrees) return SinCosRatio is

Inter result : Real;
Result : Sin CosRatio;
X_Squared : Real;

begin
X_Squared := Input * Input;
Inter Result := ((((((Sin D C15 * X Squared +

Sin-DC13) * X-Squared +
Sin- DC11) * XSquared +
Sin__C9) * X Squared +
Sin D C7) * X-Squared +
SinDC5) * X-Squared +
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Sin D C3) * XSquared;
InterResult := Inter Result-* Real(Input) +

(Degrees(Sin D Cl) * Input);
if Inter Result > 1.0 Then

InterResult := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end i2;
Result := Sin-Cos Ratio( InterResult );
return Result;

end Sin_D_8term;

function SinD_7term (Input : Degrees) return SinCosRatio is

Inter result : Real;
Result : Sin CosRatio;
X_Squared : Real;

begin
X_Squared := Input * Input;
Inter Result := (((((Sin D C13 * X Squared +

Sin-hC11) * X-Squared +
Sin-D-C9) * XSquared +
Sin-D-C7) * X Squared +
Sin--C5) * X Squared +
Sin-D-C3) * X Squared;

Inter Result :. Inter Resullt * Real(Input) + e
(Degrees(Siii D Cl) * Input);

if Inter Result > 1.0 Thin
Inter Result :. 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result := Sin CosRatio( InterResult );
return Result-,

end Sin_D7term;

function Sin D 6term (Input : Degrees) return SinCos Ratio is

Inter result : Real;
Result : Sin Cos Ratio;
XSquared : Real;

begin
XSquared :- Input * Input;
Inter Result :- ((((Sin D Cl * X Squared +

Sin-D-C9) * X-Squared +
Sin-D-C7) * X-Squared +
Sin-D-C5) * X-Squared +
Sin"D-C3) * X Squared;

Inter Result :- Inter Result * Real(Input) +
(Degrees(Sin D Cl) * Input);

if Inter Result > 1.0 Then
Inter-Result :. 1.0;

elsif Inter Result < -1.0 then
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Inter Result := -1.0;
end if;

Result := SinCosRatio( InterResult );
return Result;-

end Sin_D_6term;

function Sin D 5term (Input : Degrees) return SinCos Ratio is

Inter result : Real;
Result : Sin Cos Ratio;
XSquared : Real;

begin
X Squared := Input * Input;
Inter Result := (((Sin D C9 * X Squared +

Sin-D-C7) * X'Squared +
Sin-D-C5) * X-Squared +
Sin-D-C3) * X-Squared;

Inter Result := Inter Result * Real(Input) +
(Degrees(Sin -D Cl) * Input);

if Inter Result > 1.0 hen
Inter-Result :- 1.0;

elsif Inier Result .< -1.0 then
Inter Result :- -1.0;

end if; -
Result := Sin Cos Ratio( Inter Result );
return Result;

end Sin_D_5term;

function Sin D 4term (Input : Degrees) return Sin CosRatio is

Inter result : Real;
Resulj : Sin CosRatio;
X_Squared : Real;

begin
XSquared :- Input * Input;
Inter Result :- ((Sin D C7 * XSquared +

Sin-D-C5) * X Squared +
Sin-D-C3) * X Squared;

Inter Result :- Inter esult * Real(Input) +
(Degrees(Sii D Cl) * Input);

if Inter-Result > 1.0 Thin
InterResult :- 1.0;

elsif Iner Result < -1.0 then
Inter Result : -1.0;

end if;

Result SinCosRatio( Inter Resilt );
return Result;

end SinD_4term;

Taylor Cooi.ne functions

function Cos8_Bterm (Input : Degrees) return Sin CosRatio is
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Inter result : Real;
Hod Input : Degrees;
Result : Sin Cos Ratio;
X Squared : Degrees;

begin
If Input > 90.0 then

Hod_Input := 180.0 - Input;
Else

HodInput := Input;
end if;
X Squared := Hod Input * Mod Input;Inter_Result := -((((((Cos D-e14 * X Squared +

CosDC12) * XSquar~d +
CosDClO) * XSquared +
CosD C8) * XSquared +
CosD7C6) * XSquared +
Cos D C4) * X Squared +
Cos-D-C2) * XSquared;

Inter Result := Inter Result-+ 1.0;
If Input > 90.0 then

Inter Result :- - Inter-Result;
end if;
if Inter Result > 1.0 then

Inter-Result :. 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0; Am

end if; -- W I
Result :. Sin CosRatio( Inter Result );
return Result7

end Cos_D_8term;

function CosD_7term (Input : Degrees) return SinCosRatio is

Inter result : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;
XSquared : Degrees;

begin
If Input > 90.0 then

Mod_-Input :. 180.0 - Input;
Else

Mod Input :- Input;
end if;
XSquared := ModInput * Mod Input;
InterResult := (((((Cos_D_ 12 * XSquared +

CosDClO) * X Squared +
CosDC8) * X Squared +
CosD.C6) * X-Squared +
Cos D C4) * XSquared +
Cos-D"C2) * XSquared;

Inter Result := InterResulT + 1.0; ,
If Input > 90.0 then

Inter-Result := - InterResult;
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end if;

if Inter Result > 1.0 then
Inter'Result := 1.0;

elsif Inter Result < -1.0 then
Inter Result :. -1.0;

end if;
Result :. Sin CosRatio( InterResult );
return Result;

end CosD_iterm;

function CosD_6term (Input : Degrees) return SinCosRatio is

Inter result : Real;
Hod I-nput : Degrees;
Result : Sin Cos Ratio;
XSquared : Degrees;

begin
If Input > 90.0 then

ModInput :- 180.0 - Input;
Else

Mod Input := Input;
end if;
XSquared :- Mod Input * Mod Input;
Inter Result := -((((Cos D CIO * X Squared +

Cos-DC8) * X Squared +
Cos-DC6) * -Squared +
Cos-D-C4) * XSquared +
Cos-D-C2) * XSquared;

Inter Result :- Inter Result + 1.0;
If Input > 90.0 then -

Interr2esult :- - Inter-Result;
end if;
if Inter Result > 1.0 then

Inter-Result :. 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin Cos Ratio( Inter Resul.
return ResultI

end CosD_6term;

function Cos D 5term (Input : Degrees) return Sin Cos Ratio is

Inter result : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;
XSquared : Degrees;

begin
If Input > 90.0 then

ModInput :f 180.0 - Input;
Else

Mod Input := Input;
end if;
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XSquared := Mod_Input * ModInput;
Inter-Result := (((Cos D C8 * X Squared +

Cos-D-C6) * X_-Squared +
CosDC4) * XSquared +
Cos D C2) * XSquared;

Inter Result := Inter Result + 1.0;
If Input > 90.0 then -

InterResult := - Inter Result;
end if;
if Inter Result > 1.0 then

Inter Result := 1.0;
elsif Inter Result < -1.0 then

InterResult :. -1.0;
end if;
Result := SinCos Ratio( InterResult );
return Result;

end Cos D_5term;

function CosD_4term (Input : Degrees) return Sin CosRatio is

Inter result : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;
X_Squared : Degree7;

begin
If Input > 90.0 then

HodInput := 180.0 - Input;
Else

Mod Input :- Input:;
end if;
X Squared :. Mod Input * Mod Input;
InterResult := -((Cos D C6 * X Squared +

Cos D7C4) * X Squared +
Cos D7C2) * XSquared;

Inter Result := Inter _esult + 1.0;
If Input > 90.0 then

Inter Result := - Inter-Result;
end if;
if Inter Result > 1.0 then

Inter-Result :- 1.0;
elsif InTer Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin Cos Ratio( Inter Result );
return Result,

end Cos_D_4term;

.. -- Taylor Tangent fuctions

function Tan_D_8term (Input : Degrees) return Tan Ratio is

Inter result : Real;
Result : Tan Ratio;
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* - X_Squared Real;

begin
X_Squared Input * Input;
Inter Result := ((((((Tan D C15 * X Squared +

Tan-D-C13) * X Squared +
Tan-D-Ci1) * XSquared +
Tan-DC9) * X Squared +
Tan-D-C7) * XSquared +
Tan-D-C5) * XSquared +
Tan-DC3) * X Squared;

Result := Tan Ratio(Inter Result) * Tan Ratio(Input) +
TanRatio(Input) * Tan D Cl;

return Result;
end Tan_D_8term;

.. -- Modified Taylor Sine functions

function ModSin_D_8term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if abs(Input) >. 45.0 then

Inter Result 0 :. Real(90.0 - Abs(Input));
X Squared :t-Inter Result 0 * Inter Result 0;
Inter Result1 := ?(((((Cos-D C14 W X Squared +

Cos-D-C12) * X-Squared +
Cos-D"C10) * X-Squared +
Cos-D-C8) * X_Squared +
CosDC6) * XSquared +
Cos D C4) * XSquared +
Cos-D-C2) * X-Squared;

Inter Result 1 := Inter Resul _1 + 1.0;
If Input <. 45.0 then

InterResult_1 :f - InterResult_l;
end if;

else
X_Squared := Input * Input;
Inter Result 1 :- ((((((Sin D C15 * X Squared +

Sin-DC13) * X -Squared +
SinDCli) * X-Squared +
Sin-D"C9) * XSquared +
Sin-DC7) * XSquared +
SinD-C5) * X_Squared +
Sin D.C3) * X Squared;

Inter Result 1 := Inter Resul 1 * ReaI(Input) +
(Degrees(Sin_D_CT) * Input);

end if;
if Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif InterResulti1 < -1.0 then

4.|
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Inter Result 1 := -1.0;

end if;-
Result :=Sin -CosRatio( Inter Result_l);
return Result;end ModSin DSterm;

function HodSin_D_7term (Input : Degrees) return Sin -uGs Ratio is

Inter Result 0 : Real;
InterResult-l : Real;
Result : Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >. 45.0 then

InterResult_0 := Real(90.0 - Abs(Input));
X_.Squared := Inter Result 0 * Inter Result 0;
Inter Result_1 := ?((((Cog D C12 *-X Squared +

Cos_-D-C10) * X-Squared +
ElCos DCB) * XSquared +

CosDC6 * X _Squared +
CosD C4) * XSquared +
Cos D-C2) * X Squared;

Inter Result 1 :. Inter Result 1 + I.U;If Input <. :45.0 then-
Inter Result_1 :a - Inter Result 1;end if; - -

else
X Squared :- Input * Input;
InterResult_1 :. (((((Sin D C13 * X Squared +

Sin-D-C11) * X-Squared +
SinDC9) * XSquared +
SinD-C7) * XSquared +
SinD"C5) * XSquared +
Sin-D-C3) * XSquared;

Inter Result 1 := Inter Result 1 * Real(Input) +
(Degrees(SinD_Cf) * Input);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 :u 1.0;
elsif In-er Result 1 < -1.0 then

Inter Reiult 1 -1.0;
end if; -
Result := Sin Cos Ratio( Inter Result_1 );
return Result;

end HodSinD_7term;

function ModSin_D_6term (Input : Degrees) return SinCos Ratio is

Inter Result 0 : Real;
Inter Result-i : Real;
Result : Sin CosRatio;
XSquared : Real;

begin
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if abs(Input) >= 45.0 then
Inter Result 0 := Real(90.0 - Abs(Input));
X Squared :=-Inter Result 0 * Inter Result 0;
InterResult_1 := ((((Cos-D CIO *XSquared +

Cos-D CB) * XSquared +
Cos-DC6) * X_Squared +
Cos-DC4) * XSquared +
CosDC2) * X Squared;

Inter Result 1 := Inter Result_1 + 1.0;
If Input <- 45.0 then

Inter Result_1 :- - InterResult_1;
end if;

else
X_Squared := Input * Input;
Inter Result_1 := ((((Sin D CI * XSquared +

Sin-D-C9) * X Squared +
Sin-DC7) * X Squared +
Sin-D-C5) * X-Squared +
SinD-C3) * XSquared;

InterResult 1 := Inter Result 1 * Real(Input) +
(Degrees(Sin_D_CT) * Input);

end if;
if Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif Inter Resilt 1 < -1.0 then

Inter Result 1:- -1.0;
end if;
Result := SinCosRatio( InterResult_1 );
return Result;

end Mod Sin D 6term;

function ModSin D_5term (Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result_1 : Real;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if abs(Input) >= 45.0 then

Inter Result 0 :. Real(90.0 - Abs(Input));
X Squared :.-Inter Result 0 * Inter Result 0;
Inter Result 1 t:= ((Cos B C8 * X Squared +

Cos-D-C6) * X-Squared +
Cos-D-C4) * X-Squared +
CosD_C2) * X-Squared;

Inter Result 1 := Inter Result 1 +-1.0;
If Input <= 45.0 then-

InterResult_1 := - InterResult_1;
end if;

else
X Squared := Input * Input;
Inter Result 1 := (((Sin D C9 * X Squared +

Sin-D-C7) * X-Squared +
Sin-D-C5) * X-Squared +
SinDC3) * XSquared;
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InterResult 1 := Inter Result_1 * Real(Input) +
(Degrees(Sin_D_CT) * Input);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Resultl < -1.0 then

Inter Result 1 := -1.0;
end if;
Result := Sin Cos Ratio( Inter Result_1 );
return Result;

end ModSin_D_5term;

function ModSinD_4term (Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Result - : Sin Cos Ratio;
XSquared : ReaI;

begin
if abs(Input) >- 45.0 then

Inter Result 0 := Real(90.0 - Abs(Input));
X Squared := Inter Result 0 * Inter Result 0;Inter Result : -1 (Cos D-C6 * X Squared.+

Cos-D-C4) * X-Squared +
Cos-DC2) * X-Squared;

Inter Result 1 := InterResult_1 7 1.0;
If Input <- 45.0 then-

Inter Result 1 := - Inter Result 1;
end if;

else
XSquared := Input * Input;
InterResult_1 := ((Sin D C7 * X Squared +

Sin D-C5) * XCSquared +
SinDC3) * X Squared;

Inter Result 1 := Inter-Result 1 * Real(Input) +
(Degrees(SinDCI) * Input);

end if;
if Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif Inter Result 1 < -1.0 then

InterResultI 1= -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result,

end ModSin_D_4term;

-Modified Taylor Cosine functions

function Mod Cos D_8term(Input : Degrees) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter-Result-i : Real;
ModInput : Degrees;
Result : SinCosRatio;
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X_Squared : Real;

begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
ModInput := 180.0 - Input;

else
Mod Input := Input;

end if;
X Squared := Mod_Input * Mod Input;
Inter Result_1 := ((((((Cos_D C14 * X Squared +

CosDC12) * XSquared +
Cos_DC10) * XSquared +
Cos_DC8) * XSquared +
Cos D C6) * XSquared +
Cos- DC4) * X Squared +
Cos D-C2) * X.Squared;

Inter Result 1 := Inter Result_1 + 1.0
If Input > 9U.0 then

InterResult_:- - Inter Result_1;
end if;

0else
Inter Result 0 :- Real(90.0 - Input);
X Squared :.-Inter Result 0 * Inter Result 0;
Iiter Result1 : (((((STn D C15 W X Squared +

- - Sin-D-Cl3) * X-Squared +
SinD-Cll) * X Squared +
SinD-C9) * X Squared +
SinD-C7) * XSquared +
Sin7D C5) * XSquared +
Sin"D"C3) * X-Squared;

Inter Result 1 := Inter Result 1 * Inter Result 0 +
(Sin_D_Cl * InterResult_0);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result 1 < -1.0 then

InterResult_1 -= -1.0;
end if;
Result :. Sin CosRatio( InterResult 1 );
return Result;

end ModCos_D_8term;

function ModCos_D_7term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result-1 : Real;
Mod Input : Degrees;
Result : Sin CosRatio;
XSquared : Real;

begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
ModInput := 180.0 - Input;

else
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Mod Input := Input;
end if;
X Squared := Mod Input * ModInput;
InterResult 1 := (((((CosD_ C12 * X Squared +

Cos D-C10) * X_-Squared +
Cos DC8) * XSquared +
CosDC6) * XSquared +
Cos D C4) * XSquared +
Cos-D-C2) * X Squared;

Inter Result 1 := Inter Result_1 + 1.0
If Input > 9U.0 then

Inter Result_1 :- - InterResult_1;
end if;

else
Inter Result 0 := Real(90.0 - Input);
X Squared :=-Inter Result 0 * Inter Result 0;
Inter Result_1 := (((((Sin D C13 *-X Squared +

Sin-DC11) * X-Squared +
SinDC9) * X Squared +
Sin-D"C7) * X-Squared +
Sin-D-C5) * X-Squared +
Sin'D'C3) * X-Squared;

Inter-Result 1 :=Inter Result 1 * Inter-Result 0 +
(Sin__CI * Intel:_Result-0);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif InCter Result 1 < -1.0 then

InterResultl T= -1.0;
end if;
Result :. SinCosRatio( InterResult_1 );
return Result;

end ModCos_D_7term;

function ModCos_D_6term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result-1 : Real;
Mod Input : Degrees;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
ModInput := 180.0 - Input;

else
ModInput :f Input;

end if;
XSquared := ModInput * Mod Input;
InterResult_1 := ((((Cos D U10 * X Squared +

Cos-D-C8) * XSquared +
Cos-D-C6) * XSquared +
Cos-D-C4) * X Squared +
CosDC2) * X-Squared;

InterResult_1 := InterResult_1 +-1.0
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If Input > 90.0 then
InterResult_1 := - InterResult_1;

end if;
else

Inter Result 0 := Real(90.0 - Input);
X Squared :=-Inter Result 0 * Inter Result 0;
InterResult_1 ((((Sin-DCli * X Squared +

Sin D C9) * X Squared +
Sin-DC) * X Squared +
Sin-D-C5) * X-Squared +
SinD-C3) * XSquared;

Inter Result 1 := Inter Result 1 * InterResult_0 +- (Sin_DCl * Inter Resul7t0);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 :- 1.0;
elsif Inter Result 1 < -1.0 then

InterResultl -. -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result;

end ModCos_D_6term;

function ModCosD_5term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result_1 : Real;
Mod Input : Degrees;
Resurt : Sin CosRatio;
XSquared : Real;

begin
if (Input <. 45.0) or (Input >. 135.0) then

if Input > 90.0 then
ModInput := 180.0 - Input;

else
Mod Input := Input;

end if;
XSquared := Mod Input * Mod Input;
Inter Result_1 := (((Cos D C * X Squared +

Cos-r C6 * X-Squared +
Cos-b"C4) * X Squared +
CosDC2) * X Squared;

Inter Result 1 := InterResult_1 + 1.0
If InCput > 9U.0 then

Inter Result 1 := - Inter Result 1;
end if;

else
InterResult_0 := Real(90.0 - Input);
X Squared := Inter Result 0 * Inter Result 0;
Inter Result_1 := (((Sin D C9 * X Squared +

Sin-D-C7) * X Squared +
Sin"D"C5) * X Squared +
Sin-D-C3) * X-Squared;

Inter Result 1 := Inter Result 1 *-Inter Result 0 +
(SinD Ci * InterResult 0);
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end if;
if Inter Result I > 1.0 then

Inter-Result-I := 1.0;
elsif Inter Result 1 < -1.0 then

Inter_Result_1 - -. 0;
end if;
Result := Sin Cos Ratio( Inter Result 1 );
return Result;

end ModCos_D_5term;

function ModCos_D_4term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-l : Real;
Mod_Input : Degrees;
Result : Sin Cos Ratio;
XSquared : ReaI;

2 begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
ModInput := 180.0 - Input;

else
Mod Input: Input;
edif;,

X Squared := Mod Input * Mod Input;
Inter Result 1 := ((Cos D C6- * X Squared +

Cos-D-C4) * XSquared +
Cos-D-C2) * X-Squared;

Inter Result 1 := Inter Result_1-+ 1.0
If Input > 9U.0 then

InterResult_1 := - InterResult_1;
end if;

else
Inter Result 0 := Real(90.0 - Input);
X'Squared :=-Inter Result 0 * Inter Result 0;
Inter Result 1 := ((Sin D-C7 * X Squared

- Sin-D-C5) * X-Squared +
Sin-D"C3) * X-Squared;

InterResult 1 := InterCResult 1 ; InterResult 0 +
(Sin 15C1 * Inter ResulE_ 0);

end if;
if Inter Result 1 > 1.0 then

Inter Result 1 := 1.0;
elsif Inter Result_1 < -1.0 then

Inter Result 1 := -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result;

end ModCos_D_4term;

Modified Taylor Tangent functions

function ModTanD_8term (Input : Degrees) return Tan Ratio is
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begin
return Tan Ratio(Sin D 8term(Input))

Tan Ratio(Cos D_8term(nput));
end ModTan_D8term;

function ModTan_D_7term (Input : Degrees) return TanRatio is
oegin

return Tan Ratio(Sin D 7term(Input)) /
TanRatio(Cos-D7term(Input));

end ModTan_D.7term;

function ModTanD_6term (Input : Degrees) return Tan Ratio is
begin

return Tan Ratio(Sin D 6term(Input)) /
TanRatio(CosZD_6term(Input));

end ModTanD6term;

function Mod Tan D 5term (Input : Degrees) return Tan Ratio is
begin

return Tan Ratio(Sin D 5term(Input)) /
TanRatio(Cos-D5term(Input));

end Mod.Tan_D_5term;

function ModTan_D_4term (Input : Degrees) return TanRatio is
begin

return Tan Ratio(SinD_4term(Input)) /
TanRatio(CosD_4term(Input));

end ModTanD_4term;

end TaylorDegreeOperations;

3.3.6.8.9.7.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.7.9.2.8 LIMITATIONS

None.

3.3.6.8.9.7.9.2.9 LLCSC DESIGN

None.

3.3.6.8.9.7.9.2.10 UNIT DESIGN

None.
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3.3.6.8.9.7.9.3 TAILORNATURALLOG PACKAGE DESIGN (CATALOG #P868-0)

This generic package contains functions providing Taylor polynomial solutions
for the natural log function.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog # I

I Nat Log 8term I P869-0
I NatLog_7term I P870-0
I NatLog_6term I P871-0 I
I NatLog_5term I P872-0
Nat_Log_4term P873-0 I

The decomposition for this part 's the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.7.9.3.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R222.

3.3.6.8.9.7.9.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.7.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

I Inputs Floating point I Floating point input to the function
I Outputs I Floating point I Floating point output to the function

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:
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I Function j Name I Type I Description I

Natural Log I Input Floating I Input upon which to apply the funtion I
I Functions I I Point I I

3.3.6.8.9.7.9.3.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

Nat LogCl constant I 2.0 Coefficient fcr 1st term
Nat-Log-C3 constant I 0.66666_6666 Coefficient for 3rd term

I Nat-Log-C5 constant I 0.4 - Coefficient for 5th term
NatLogC7 constant I 0.28574 1428 Coefficient for 7th term

i Nat LogC9 constant 0.22222-2222 Coefficient for 9th term
I Nat-Log ClI constant 1 0.18181-8182 Coefficient for 11th term
j Nat-Log C13 constant I 0.15384-6153 Coefficient for 13th term
I NatLogC15 constant I 0.13333:3333 Coefficient for 15th term

3.3.6.a.9.7.9.3.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.7.9.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Taylor Series)
package body TaylorNatural-Log is

Nat Log Cl : constant := 2.0;
NatLogC3 : constant :- 0.66666_6666;
Nat Log C5 : constant := 0.4;
Nat-Log-C7 : constant := 0.28574 1428;
Nat-Log-C9 : constant := 0.22222-2222;
Nat-Log-Cli : constant := 0.18181-8182;
Nat -LogC13 : constant := 0.15384-6153;
NatLog_C15 : constant := 0.13333-3333;

function NatLog_8term ( Input : Inputs ) return Outputs is

Inter result : Inputs;
Result : Outputs;
Mod Input : Inputs;
ModSquared : Inputs;

MI __ _ _ _
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begin
Mod Input := (Input - 1.0)/(Input + 1.0);
ModSquared Mod Input * Mod Input;
Inter Result := ((((((NatLog C15 * Mod Squared +

NatLogC13) * Mod Squared +
NatLog_Cli) * -odSquared +
NatLogC9) * ModSquared +
Nat-LogC7) * ModSquared +
NatLogCS) * Mod-Squared +

Nat Log-C3) * Mod Squared;
Result := (Inter Result * Hod Input) + (MidInput * NatLog_Cl);
return Result;

end NatLog_8term;

function NatLog_7term ( Input : Inputs ) return Outputs is

Inter result : Inputs;
Result : Outputs;
Mod Input : Inputs;
ModSquared : Inputs;

begin
Mod Input := (Input - 1.0)/(Input + 1.0);
ModSquared :M Mod Input * Mod Input;
Inter-Result := (T(((NatLog_?l3 * Mod Squared +

NatLogCll) * HodSquared +
Nat-Log -9) * ModSquared +0
NatLogC7) * Mod Squared +
Nat Log-C5) * Mod -Squared +
Nat Log-C3) * Mod Squared;

Result :. (Inter_.Result *-Mod Input) + (Hod Input * Nzt_LogCl);
return Result;

end Nat_Log_7term;

function Nat_Log_6term ( Input : Inputs ) return Outputs is

Inter result : Inputs;
Result Outputs;
Mod Input : Inputs;
Mod-Squared : Inputs;

begin
ModInput :. (Input - 1.0)/(Input + 1.0);
Mod Squared :M Mod Input * Mod Input;
InterResult .f (T((NatLog Ch1 * Mod Squared +

Nat _LogC9) * Mod-Squared +
Nat Log C7) * Mod Squared +
Nat Log C5) * ModSquared +
Nat Log C3) * Mod Squared;

Result := (Inter Result * MoU Input) + ZModInput * NatLog_Cl);
return Result;

end NatLog_6term;

function Nat_Log_Sterm ( Input : Inputs ) return Outputs is
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Inter result : Inputs;
ResulT : Outputs;
Mod Input : Inputs;
ModSquared : Inputs;

begin
Mod Input := (Input - 1.O)/(Input + 1.0);
Mod-Squared := Mod Input * Mod-Input;
InterResult := (T(NatLog C9 * Mod Squared +

NatLog_C7) * Mod-Squared +
Nat Log C5) * Mod-Squared +
Nat-Log-C3) * Mod-Squared;

Result := (InterResult * Mod_Input) (ModInput * NatLog_Cl);
return Result;

end NatLog_5term;

function Nat_Log_4term ( Input : Inputs ) return Outputs is

Inter result : Inputs;
Result : Outputs;Mod Input : Inputs;

Mod-Squared : Inputs;

begin
Mod Input :- (Input - 1.O)/(Input + 1.0);
ModSquared :i Mod Input * Mod Input;
InterResult := (TNat Log C7 * Mod Squared +

Nat-Log-C5) * Mod-Squared +
NatLog-C3) * Mod-Squared;

Result :- (Inter Result * godInput)-+ (Mod-Input * NatLogCl);
return Result; -

end Nat_Log_4term;

end TaylorNaturalLog;

3.3.6.8.9.7.9.3.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.7.9.3.8 LIMITATIONS

None.

3.3.6.8.9.7.9.3.9 LLCSC DESIGN

None.
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3.3.6.8.9.7.9.3.10 UNIT DESIGN

None.

3.3.6.8.9.7.9.4 TAYLORLOGBASEN PACKAGE DESIGN (CATALOG #P874-0)

This packages contains generic functions providing Taylor polynomial solutions
for the log function for base N.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _#

LogBaseN 8term I P875-0 I
I Log_BaseN_7term I P876-0 I
Log_BaseN_6term I P877-0 I
Log_Base_N_5term I P878-0 I

I Log_BaseN_4term P879-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.7.9.4.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R222.

3.3.6.8.9.7.9.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.7.9.4.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I
I Inputs j Floating point I Floating point input to the function -
I Outputs I Floating point I Floating point output to the function

Data objects:

The following table describes the generic formal objects required by this part:
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I Name I Type I Value I Description

I BaseN I Positive I defualt = 10 I Base to operate in I

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

I Funiction I Name I Type I Description I

I Log Base N I Input I Floating I Input upon which to apply the funtion I
[ Functions [ I Point I I

3.3.6.8.9.7.9.4.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

Name Type I Value I Description I

LocalNaturalLog I Instantiated I N/A I Natural log package used in [
I I package I I calculating log base n

3.3.6.8.9.7.9.4.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.7.9.4.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.TaylorSeries)
package body TaylorLog_BaseN is

package LocalNaturalLog is new TaylorNaturalLog( Inputs => Inputs,
Outputs ->Outputs);

package body Log_BaseNBterm is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNaturalLog.Nat_Log_8term( Inputs(BaseN) );

function LogN_8term ( Input : Inputs ) return Outputs is
begin

return Local NaturalLog.Nat_Log_8term( Input ) * One Over Base_Log;
end LogN_8term;

° .t
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end Log_Base_N_8term;

package body LogBase_N_7term is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNaturalLog.Nat_Log_7term( Inputs(Base.N) );

function LogN_7term ( Input : Inputs ) return Outputs is
begin

return LocalNatural Log.NatLog_7term( Input ) * OneOverBaseLog;
end Log_N_7term;

end Log Base_N_7term;

package body LogBase_N_6term is

OneOverBaseLog : constant Outputs := 1.0/
Local NaturalLog.NatLog_6term( Inputs(BaseN) );

function Log_N_6term ( Input : Inputs ) return Outputs is
* begin

return LocalNaturalLog.NatLog_6term( Input ) * OneOverBaseLog;
end Log_N_6term;

end LogBase_N_6term;

package body LogBase_N_5term is

One OverBaseLog : constant Outputs :- 1.0 /
Local.Natural.Log.Nat.Log_5term( Inputs(BaseN) );

function LogN_5term ( Input : Inputs ) return Outputs is
begin

return Local NaturalLog.NatLogterm( Input ) * OneOverBaseLog;
end LogN_5term;

end LogBaseN_5term;

package body LogBase N_4term is

OneOver Base Log : constant Outputs := 1.0 /
- - Local NaturalLog.NatLog_4term( Inputs(BaseN) );

function LogN_4term ( Input : Inputs ) return Outputs is
begin

return Local_.NaturalLog.Nat_Log_4term( Input ) * OneOverBaseLog;
end LogN_4term;

end LogBaseN_4term;

end TaylorLog_BaseN;

- -- --.. .. '*. .,'--' ~ - -~@
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S 3.3.6.8.9.7.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.7.9.4.8 LIMITATIONS

None.

3.3.6.8.9.7.9.4.9 LLCSC DESIGN

None.

3.3.6.8.9.7.9.4.10 UNIT DESIGN

None.

3.3.6.8.9.7.10 UNIT DESIGN

None.

- --
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S 3.3.6.8.9.8 GENERALPOLYNOMIAL PACKAGE DESIGN (CATALOG #P738-0)

This package allows the user to define a polynomial function and to then solve
the user-polynomial for a given input value.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _ I

Polynomial I P739-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.8.1 REQUIREMENTS ALLOCATION

This part partially meets CAMP requirement R214 through R222.

3.3.6.8.9.8.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.8.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name Type I Description I

I Inputs I floating I Data type of independent values I
I I point type I I
I Results I floating I Data type of dependent values I
I I point type I I

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Description I

I Coefficient Count I Positive I Number of coefficient in the polynomial I

--

MA 1
4 ~gY ~ ~ X~Ifl W~ ~VE~ r W' W,
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Subprograms:

The following table describes the generic formal subroutines required by this
part:

Name I Type I Description I

I "**" I function I Exponential operator defining the operation: II I [ Inputs ** x := Results [

FORMAL PARAMETERS:

The following table describes the formal parameters for the functions contained
in this part:

Function Name I Type Description

I Polynomial I Input I Inputs I Value of X for polynomial solution

3.3.6.8.9.8.4 LOCAL DATA

Data types: A

*The following chart describes the data types exported by this part:

--------------------------------------------------------------------------
I Name I Range I Operators I Description I

I Coefficient_ I N/A I N/A I Contains the a and b components I
Records I I I of a polynomial term: a*(x**b)I

Table_ I 1 N/A [ Defines the size of the I
Dimensions I Coefficient I [ polynomial table I

Count I N/A I I

Data objects:

The following table describes the data objects exported by this part:

I Name I Type I Definition I

I Polynomial array I Array of polynomial terms I
Definition I I

3.3.6.8.9.8.5 PROCESS CONTROL

Not applicable.

-I
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3.3.6.8.9.8.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body GeneralPolynomial is

function Polynomial (Input : Inputs) return Results is
Result : Results;

begin
Result := 0.0;
for Index in TableDimension

loop
Result :- Result +

Polynomial Definition( Index ).Coefficient *
(Input ** Polynomial Definition( Index ).Power of X);

end loop;
return Result;

end Polynomial;

end GeneralPolynomial;

3.3.6.8.9.8.7 UTILIZATION OF OTHER ELEMENTS

Nc .

3.3.6.8.9.8.8 LIMITATIONS

None.

3.3.6.8.9.8.9 LLCSC DESIGN

None.

3.3.6.8.9.8.10 UNIT DESIGN

None.

@I
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3.3.6.8.9.9 SYSTEM FUNCTIONS PACKAGE DESIGN (CATALOG #P770-0)

This package provides access to the Ada system library for standard
mathematical functions. For trigonometric functions, packages are provided to
allow for inputs in units of radians, semicircles, or degrees.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R223.

3.3.6.8.9.9.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.3 INPUT/OUTPUT

None.

3.3.6.8.9.9.4 LOCAL DATA

S None.

3.3.6.8.9.9.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body System-Functions is

package body RadianOperations is separate;

package body Semicircle-Operations is separate;

package body DegreeOperations is separate;

package body SquareRoot is separate;

package body Base_10_Logarithm is separate;

package body Base N_Logarithm is separate;

end SystemFunctions;
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3.3.6.8.9.9.7 UTILIZATION OF OTHER ELEMENTS

The following library units are with'd by this part:
1. Math Lib

3.3.6.8.9.9.8 LIMITATIONS

None.

3.3.6.8.9.9.9 LLCSC DESIGN

3.3.6.8.9.9.9.1 RADIAN OPERATIONS PACKAGE DESIGN (CATALOG #P771-0)

This package contains a set of trigonometric functions which deal with angles
in units of radians. The functions provided are sine, cosine, tangent,
arcsine, arccosine, arctangent.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.1.1 REQUIREMEInTS ALLOCATION

Together with the other parts in the System Functions package, this part meets
CAMP requirement R223. ji

3.3.6.8.9.9.9.1.2 LOCAL ENTITIES DESIGN

Packages:

The following describes the packages contained in this part:

I Name I Type I Description I

[ RadianMathLib I package I Math library where functions called will have
SI I[ inputs and outputs of type Radians; input

I I Iand output values will be converted as
necessary

3.3.6.8.9.9.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in the package
specification of RadianOperations:

Data types:

The following table describes the generic formal types required by this part:

------------- - - - - - - - - - - -t. . . . ..... 4 rUN If.,. -K b W., -t W'.r -x r'S, _-#_ tt, St -x fl-x -t f
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I Name I Type I Description I

Radians floating Data type describing units of
point type angles

SinCosRatio floating Data type describing output values
point type from sine and cosine functions

and input values to arcsine and
arccosine functions

I Tan _Ratio floating Data type describing output values
point type from tangent function and input

values to arctangent function

3.3.6.8.9.9.9.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.1.6 PROCESSING

j The following describes the processing performed by this part:

separate (Polynomials.System Functions)
package body RadianOperatio-ns is

-- --instantiated packages-

package RadianMathLib is new MathLib (Real -> Radians);

package MLib renames RadianMathLib;

-- --renamed functions within Local MathLib

-function Ada Sin (Input : Radians) return Radians renames Lib.Sin;
function Ada-Cos (Input : Radians) return Radians renames M Lib.Cos;
function Ada"Tan (Input : Radians) return Radians renames M Lib.Tan;

function Ada-ArcsinfInput : Radians) return Radians renames Lib.Asin;
function AdaArccos

(Input : Radians) return Radians renames MLib.Acos;
function Ada Arctan

Tinput : Radians) return Radians renames M Lib.Atan;

S end RadianOperations;
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3.3.6.8.9.9.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.9.9.1.8 LIMITATIONS

None.

3.3.6.8.9.9.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.9.9.1.10 UNIT DESIGN

3.3.6.8.9.9.9.1.10.1 SIN UNIT DESIGN (CATALOG #P772-0)

This function returns the sine of an angle with units of radians.

3.3.6.8.9.9.9.1.10.1.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I Radians I In I Angle for which a sine is desired I

3.3.6.8.9.9.9.1.10.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.1.5 PROCESS CONTROL

Not applicable.
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3.3.6.8.9.9.9.1.10.1.6 PROCESSING

The following describes the processing performed by this part:

function Sin (Input : Radians) return SinCosRatio is

begin

return SinCosRatio(Ade._Sin(Input));

exception

when MLib.ROprand => raise InvalidOperand;

end Sin;

3.3.6.8.9.9.9.1.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of Radian Operations:

I Name Type I Description I

[ Radians [ floating [ Data type describing units of [
[ point type [ angles

Sin Cos Ratio I floating I Data type describing output values I
- I point type I from sine and cosine functions I

I and input values to arcsine and
I I I arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

I Name I Description

I InvalidOperand I The input value is in an improper format not
I I accepted by the operating system

Subprograms and task entries:

The following table describes the subprograms required by this part and defined
in the package body of RadianOperations:
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I Name I Type I Description I

AdaSin I function I Sine function handling units of radians I

3.3.6.8.9.9.9.1.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I InvalidOperand i Raised if the format of the input is invalid and not I
I I accepted by the operating system. I

3.3.6.8.9.9.9.1.10.2 COS UNIT DESIGN (CATALOG #P773-0)

This function returns the cosine of an angle with units of radians.

3.3.6.8.9.9.9.1.10.2.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I Radians I In I Angle for which a cosine is desired I

3.3.6.8.9.9.9.1.10.2.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.2.5 PROCESS CONTROL

Not applicable.

Vjw.kM i ) rVi'% t '...W AUU It V P KiAAt & Ak. AR kWXR W V°U it , or" VVM Ad -,J- .M , A
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3.3.6.8.9.9.9.1.10.2.6 PROCESSING

*The following describes the processing performed by this part:

function Cos (Input Radians) return Sin CosRatio is

begin

return SinCosRatio(AdaCos(Input));

exception

when MLib.ROprand => raise Invalid Operand;

end Cos;

3.3.6.8.9.9.9.1.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of Radian Operations:

I Name I Type I Description I

I Radians I floating L £ata type describing units of I
I I point type -mgles I
I Sin Cos Ratio [ floating I Data type describing output values

I point type I from sine and cosine functions I
I I I and input values to arcsine and I
[I I[ arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System Functions:

I Name I Description

I Invalid-Operand I The input value is in an improper format not
* I I accepted by the operating system

Subprograms and task entries:

The following table describes the subprograms required by this part and defined
in the package body of RadianOperations:

--- ---- - --
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I Name I Type I Description I

I AdaCos I function I Cosine function handling units of radians I

3.3.6.8.9.9.9.1.10.2.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name When/Why Raised

InvalidOperand Raised if the format of the input value is invalid and
i [ not accepted by the operating system

3.3.6.8.9.9.9.1.10.3 TAN UNIT DESIGN (CATALOG #P774-0)

This function returns the tangent of an angle with units of Radians.

3.3.6.8.9.9.9.1.10.3.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode l Description I

I Input I Radians I In I Angle for which a tangent is desired I

3.3.6.8.9.9.9.1.10.3.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.3.5 PROCESS CONTROL

Not applicable.
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3.3.6.8.9.9.9.1.10.3.6 PROCESSING

The following describes the processing performed by this part:

function Tan (Input : Radians) return TanRatio is

begin

return TanRatio(AdaTan(Input));

exception

when M Lib.ROprand => raise rnvalid Operand;
when M-Lib.FloOveMat => raise OverfloW;

end Tan;

3.3.6.8.9.9.9.1.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of RadianOperations:

--------------------------------------------------------------------
I Name I Type I Description I

I Radians i floating i Data type describing units of I
I I point type angles
I Tan Ratio I floating I Data type describing output values
I - [ point type I from tangent function and input I
I [ [ values to arctangent function I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System-Functions:

---------------------------------------------------------------------------
I Name I Description
-----------------------------------------------------------------------------
I InvalidOperand I The input value is in an improper format not

[ accepted by the operating system
I Overflow I A floating point overflow was encountered during

I the calculations
-----------------------------------------------------------------------------

Subprograms and task entries:

and
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The following table describes the subprograms required by this part and defined
in the package body of RadianOperations:

I Name j Type I Description I

I AdaTan I function I Tangent function handling units of radians I

3.3.6.8.9.9.9.1.10.3.8 LIMITATIONS

The following table describes the exceptions raised by this part:

Name j When/Why Raised I

InvalidOperand I Raised if the input value has an improper format which isl
I J not accepted by the operating system I
I Overflow I Raised if a floating point overflow error is encountered
I I during computations I

3.3.6.8.9.9.9.1.10.4 ARCSIN UNIT DESIGN (CATALOG #P775-0)

This function returns the Arcsin, in units of Radians, of an input value. The
input value must not be greater than 1.0 or less than -1.0. e
3.3.6.8.9.9.9.1.10.4.1 REQUIREMNTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.4.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

I Input I Sin-CosRatio I In [ Value which an arcsine is desired I

4--
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3.3.6.8.9.9.9.1.10.4.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.1.10.4.6 PROCESSING

The folloving describes the processing performed by this part:

function Arcsin (Input : SinCosRatio) return Radians is

begin

return Ada Arcsin(Radians(Input));

exception

when H LibROprand => raise Invalid Operand;
when H. Lb.IrvArgflt > raise Invalid-Argument;

end Arcsin;

3.3.6.8.9.9.9.1.10.4.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:
The following tables describe the elements used by this part but defined in one

or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of Radian Operations:

I Name I Type j Description I

[ Radians I floating I Data type describing units of I
I[I point type I angles I
Sin Cos Ratio I floating I Data type describing output values I

I - [ point type [ from sine and cosine functions I
I and input values to arcsine and I

I [[ arccosine functions

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System-Functions:

--------------------------- --- -------
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1 Name I Description I

InvalidOperand I The input value is in an improper format not
I I accepted by the operating system
InvalidArgument I The input value is an a range unacceptable to the I

I j function being called

Subprograms and task entries:

The following table describes the subprograms required by this part and defined
in the package body of RadianOperations:

I Name I Type I Description I

I AdaArcsin I function I Arcsine function handling units of radians I

3.3.6.8.9.9.9.1.10.4.8 LIMITATIONS

The following table describes the exceptions raised by this part:

-------------- ------------ ------------------------
I Name I When/Why Raised A

[ InvalidOperand ] Raised if the input value is in an improper format that [
[ I is not accepted by the operating system [
I InvalidArgument[ Raised if the absolute value of the input is greater I
I I then 1.0 I

*3.3.6.8.9.9.9.1.10.5 ARCCOS UNIT DESIGN (CATALOG #P776-0)

This function returns the Arecos, in units of Radians, of an input value. The
absolute value of the input must not be greater than 1.0.

3.3.6.8.9.9.9.1.10.5.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.5.3 INPUT/OUTPUT

FORMAL PARAMETERS:

Ii
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: The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

* Input I SinCosRatio I In I Value which an arccosine is desired I

3.3.6.8.9.9.9.1.10.5.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.1.10.5.6 PROCESSING

The following describes the processing performed by this part:

function Arccos (Input : Sin Cos Ratio) return Radians is

$begin

1return AdaArccos(Radians(input));
exception

when M Lib.ROprand => raise Invalid Operand;
when MLib.InvArgMat => raise Invalid-Argument;

end Arccos;

3.3.6.8.9.9.9.1.10.5.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of RadianOperations:

&-
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I Name I Type I Description I

I Radians j floating I Data type describing units of I
I I point type I angles I
I SinCosRatio I floating I Data type describing output values I
I I point type I from sine and cosine functions I
I I I and input values to arcsine and I
I I ] arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System Functions:

Name I Description I

Invalid_Operand I The input value is in an improper format not I
I I accepted by the operating system I
I InvalidArgument I The input value is an a range unacceptable to the I
i I function being called I

Subprograms and task entries:

The following table describes the subprograms required by this part and defined
in the package body of Radian-Operations:

I Name I Type I Description I

I AdaArccos I function I Arccosine function handling units of radians I

3.3.6.8.9.9.9.1.10.5.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I
[ Invalid Operand I Raised if the input value is in an improper format that I
Invali j is not accepted by the operating system I
Invalid-Argument Raised if the absolute value of the input is greater I

[ than 1.0 I

3.3.6.8.9.9.9.1.10.6 ARCTAN UNIT DESIGN (CATALOG #P777-0)

This function returns the Arctangent, in units of Radians, of an input value.
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"' 3.3.6.8.9.9.9.1.10.6.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.1.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.1.10.6.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I TanRatio I In I Value which an arctangent is desired I

3.3.6.8.9.9.9.1.10.6.4 LOCAL DATA

None.

3.3.6.8.9.9.9.1.10.6.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.1.10.6.6 PROCESSING

The following describes the processing performed by this part:

function Arctan (Input : TanRatio) return Radians is

begin

return AdaArctan(Radians(input));

exception

when MLib.ROprand => raise Invalid-Operand;

end Arctan;

3.3.6.8.9.9.9.1.10.6.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

S The following tables describe the elements used by this part but defined in one
or more ancestral units:
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Data types:

The following table summarizes the generic types required by this part and

defined at the package specification level of RadianOperations:

I Name I Type I Description I

I Radians I floating I Data type describing units of I
I I point type I angles l
I TanRatio I floating I Data type describing output values I
I I point type I from tangent function and input I
I I I values to arctangent function I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

I Name I Description l

I Invalid-Operand I The input value is in an improper format not I
I i" accepted by the operating system I

Subprograms and task entries:

The following table describes the subprograms required by this part and defined
in the package body of Radian-Operations:

I Name I Type I Description I

I AdaArctan I function I Arctangent function handling units of radians I

3.3.6.8.9.9.9.1.10.6.8 LIMITATIONS

Tha following table describes the exceptions raised by this part:

I Name I When/Why Raised I

4 Invalid_Operand j Raised if the input value is in an improper format which l
I I is not accepted by the operating system I

3.3.6.8.9.9.9.2 SEMICIRCLE OPERATIONS PACKAGE DESIGN (CATALOG #P778-0)

This package contains a set of trigonometric functions which deal with angles
in units of semicircles. The functions provided are sine, cosine, tangent,
arcsine, arccosine, arctangent.

[ .
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S The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.2.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this part meets
CAMP requirement R223.

3.3.6.8.9.9.9.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously described at the package
specification level of Semicircle-Operations:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I
Scalars floating Describes data type of input object pi I
Semicircles floating Data type describing units of angles I

point type
SinCosRatio floating Data type describing output values from sine

point type and cosine functions and input values to
arcsine and arccosine functions

TanRatio floating Data type describing output values from
point type tangent function and input values to

arctangent function

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Value I Description I

I Pi I Scalars I N/A I Number of radians in a semicircle I

Subprograms:

The following table describes the generic formal subroutines (operators)
required by this part:

kW k1W0W N1%WNNVMO NAlV 1 UNLVI
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I I Left Input 1 Right Input Result I
I Name I Type I Type I Type I

I "" I Semicircles Scalars I Scalars I
I"*" I Scalars I Scalars I Semicircles I

i/fl I Scalars I Scalars I Scalars

3.3.6.8.9.9.9.2 4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I

I OneOverPi I Scalars I Contains the value 1/pi I

3.3.6.8.9.9.9.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials. SystemFunctions)
package body Semicircle_Operations is

-- --instantiated packages-

package SemicircleMath Lib is new Math Lib (Real => Scalars);

package MLib renames SemicircleMathLib;

-- --renamed functions within LocalMath Lib

function Ada Sin (Input : Scalars) .return Scalars renames M Lib.Sin;
function Ada-Cos (Input : Scalars) return Scalars renames M-Lib.Cos;
function Ada-Tan (Input : Scalars) return Scalars renames MLib.Tan;
function Ada Arcsin

TInput : Scalars) return Scalars renames M_Lib.Asin;
function Ada Arccos

TInput : Scalars) return Scalars renames M Lib.Acos;
function Ada Arctan

(Input : Scalars) return Scalars renames H_Lib.Atan;
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-- --local declarations

OneOverPi : constant Scalars := 1.0 / Pi;

end SemicircleOperations;

*3.3.6.8.9.9.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.9.9.2.8 LIMITATIONS

None.

3.3.6.8.9.9.9.2.9 LLCSC DESIGN

None.

3.3.6.8.9.9.9.2.10 UNIT DESIGN

3.3.6.8.9.9.9.2.10.1 SIN UNIT DESIGN (CATALOG #P779-0)

This function returns the sine of an angle with units of semicircles.

3.3.6.8.9.9.9.2.10.1.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.2.10.1.2 LOCAL ENTITIES DESIGN

Ncne.

3.3.6.8.9.9.9.2.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

I Input I Semicircles I In I Angle for which a sine is desired

Si
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3.3.6.8.9.9.9.2.10.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.10.1.6 PROCESSING

The following describes the processing performed by this part:

function Sin (Input : Semicircles) return Sin Cos Ratio is

begin

return Sin_CosRatio(AdaSin(input*pi));

exception

when M Lib.ROprand => raise InvalidOperand;

end Sin;

3.3.6.8.9.9.9.2.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of SemicircleOperations:

I Name I Type I Description I

I Semicircles I floating I Data type describing units of angles
I I point type I
I Sin Cos Ratio I floating Data type describing output values from sine
I - point type I and cosine functions and input values to

Iarcsine and arccosine functions

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of SemicircleOperations:
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I Name I Type I Value I Description I

I Pi I Scalars I N/A I Number of radians in a semicircle I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

I Name I Description I

I InvalidOperand I The input value is in an improper format not I
I I accepted by the operating system I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Semicircle-Operations:

I Name I Type I Description I

I AdaSin I function I Sine function handling units of radians I

3.3.6.8.9.9.9.2.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I InvalidOperand I Raised if the format of the input is such that after I
I -conversion to an angle with units of radians is invalidi
I I and not accepted by the operating system I

3.3.6.8.9.9.9.2.10.2 COS UNIT DESIGN (CATALOG P1087-0)

This function returns the cosine of an angle with units of semicircles.

3.3.6.8.9.9.9.2.10.2.1 REQUIREMENTS ALLOCATION

See top header.
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3.3.6.8.9.9.9.2.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

Input I Semicircles I In I Angle for which a cosine is desired

3.3.6.8.9.9.9.2.10.2.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Cos (Input : Semicircles) return SinCosRatio is

begin

return SinCosRatio(AdaCos(input*pi));

exception

when M Lib.ROPrand z> raise InvalidOperand;

end Cos;

3.3.6.8.9.9.9.2.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of SemicircleOperations:
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I Name I Type I Description I

I Semicircles floating I Data type describing units of angles I
I I point type I I
I SinCosRatio ] floating ] Data type describing output values from sine

I point type I and cosine functions and input values to ]
arcsine and arccosine functions I

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of Semicircle-Operations:

I Name I Type I Value I Description I

I Pi I Scalars I N/A I Number of radians in a semicircle I

Exceptions:

The following table summarizes the exceptions required by this part and definedin the package specification of System-Functions:

I IName I Description I

IInvalidOperand IThe input value is in an improper format not
I accepted by the operating system I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Semicircle-Operations:

I Name I Type I Description I

I Ada-Cos I function I Cosine function handling units of radians I

3.3.6.8.9.9.9.2.10.2.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised

[ InvalidOperand I Raised if the format of the input is such that after
~ I I conversion to an angle with units of radians is invalid I

and not accepted by the operating system I

01
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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3.3.6.8.9.9.9.2.10.3 TAN UNIT DESIGN (CATALOG #P781-0)

This function returns the tangent of an angle with units of Semicircles.

3.3.6.8.9.9.9.2.10.3.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.2.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I Semicircles I In I Angle for which a tangent is desired e
3.3.6.8.9.9.9.2.10.3.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.10.3.6 PROCESSING

The following describes the processing performed by this part:

function Tan (Input : Semicircles) return TanRatio is

begin

return TanRatio(AdaTan(input*pi));

exception

when M Lib.ROprand => raise Invalid Operand;
when MLib.Flo0veMat => raise Overflow;

end Tan;

-- -- -- -- --
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" i' 3.3.6.8.9.9.9.2.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

SemicircleOperations:

I Name j Type I Description I

Semicircles I floating I Data type describing units of angles I
I I point type I
Tan Ratio I floating I Data type describing output values from I

I - [ point type I tangent function and input values to
I I I arctangent function I

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of Semicircle-Operations:

I Name I Type I Value I Description I

I Pi I Scalars I N/A I Number of radians in a semicircle I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

I Name I Description I

i Invalid-Operand i The input value is in an improper format not
I Iaccepted by the operating system I
I Overflow I A floating point overflow was encountered during [
I I the calculations

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Semicircle_Operations:

I Name I Type I Description

I AdaTan - function I Tangent function handling units of radians -

f- - - -----------------------------------------------------------------------
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3.3.6.8.9.9.9.2.10.3.8 LIMITATIONS

The following table describes the exceptions raised by this part:

Name I When/Why Raised I

InvalidOperand I Raised if the format of the input is such that after I
unit and data type conversion it is invalid I
and not accepted by the operating system I

Overflow I Raised if a floating point overflow error is I
I I encountered during computations

3.3.6.8.9.9.9.2.10.4 ARCSIN UNIT DESIGN (CATALOG #P782-0)

This function calculates the arcsine of an input value with the result being in
units of semicircles. The absolute value of the input must not be greater than
1.0.

3.3.6.8.9.9.9.2.10.4.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.2.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.10.4.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

* I Name I Type I Mode l Description

I input I SinCosRatio I In I Value for which an arcsine is desired I

3.3.6.8.9.9.9.2.10.4.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.4.5 PROCESS CONTROL

Not applicable.
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3.3.6.8.9.9.9.2.10.4.6 PROCESSING

The following describes the processing performed by this part:

function Arcsin (Input : SinCosRatio) return Semicircles is

begin

return AdaArcsin(Scalars(input)) * OneOverPi;

exception

when M Lib.ROprand => raise Invalid Operand;
when H-Lib.InvArgMat => raise'InvalidArgument;

end Arcsin;

3.3.6.8.9.9.9.2.10.4.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of Semicircle-Operations:

I Name I Type I Description I

Scalars [ floating I Describes data type of input object pi
Semicircles [ floating I Data type describing units of angles 

I I ~point type I
Sin Cos Ratio I floating I Data type describing output values from sine I

- point type and cosine functions and input values to I
I I arcsine and arccosine functions I

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of SemicircleOperations:

I Name I Type I Value I Description I

I Pi I Scalars I N/A I Number of radians in a semicircle I

The'following table summarizes the objects required by this part and defined in
i the package body of SemicircleOperations:
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I Name I Type I Value I Description I

I OneOverPi I Scalars I 1/pi j Number of radians in a semicircle

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System-Functions:

I Name j Description I

I Invalid Operand I The input value is in an improper format not
I Iaccepted by the operating system I
Invalid Argument i The input value is an a range unacceptable to the I

I I function being called

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Semicircle Operations:

I Name I Type I Description I

I AdaArcsin I function I Arcsine function handling units of radians I

3.3.6.8.9.9.9.2.10.4.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I Invalid_Operand [ Raised if the format of the input value is such that
I Iafter data type conversion it is invalid and not [

I I accepted by the operating system I
I Invalid_Argument I Raised if the absolute value of the input value is i
[ [ greater than 1.0

3.3.6.8.9.9.9.2.10.5 ARCCOS UNIT DESIGN (CATALOG P783-0)

This function returns the Arccos, in units of Semicircles, of an input value.
The absolute value of the input must not be greater than 1.0.

I@
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3.3.6.8.9.9.9.2.10.5.1 REOUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.2.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.10.5.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

I nhput SinCosRatio I In I Value for which an arccosine is desired I
4

3.3.6.8.9.9.9.2.10.5.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.10.5.6 PROCESSING

The following describes the processing performed by this part:

function Arccos (Input : SinCosRatio) return Semicircles is

begin

return AdaArccos(Scalars(Input)) * OneOverPi;

exception

when M Lib.ROprand => raise Invalid Operand;
when M-Lib.InvArgHat => raise Invalid-Argument;

end Arccos;

3.3.6.8.9.9.9.2.10.5.7 UTILIZATION OF OTHER ELEMENTS

S UTILIZATION OF ANCESTRAL ELEMENTS:
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The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of SemicircleOperations:

I Name I Type I Description I

Scalars I floating I Describes data type of input object pi I
I Semicircles I floating I Data type describing units of angles I
I I point type I I
[ SinCos Ratio [ floating [ Data type describing output values from sine [
I I point type [ and cosine functions and input values to
I I I arcsine and arccosine functions I

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of SemicircleOperations:

I Name I Type I Value I Description I

I Pi i Scalars I N/A I Number of radians in a semicircle I

The following table summarizes the objects required by this part and defined in
the package body of SemicircleOperations:

i Name I Type Value I Description

I OneOverPi I Scalars I 1/pi j Number of radians in a semicircle i

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

J Name I Description i

I InvalidOperand I The input value is in an improper format not I
I accepted by the operating system

I InvalidArgument I The input value is an a range unacceptable to the I
I function being called

Subprograms and task entries:
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i The following table summarizes the subroutines and task entries required by
this part and defined in the package body of SemicircleOperations:

I Name I Type I Description i

I AdaArccos I function I Arccosine function handling units of radians I

3.3.6.8.9.9.9.2.10.5.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I Invalid_Operand i Raised if the format of the input value is such that it I
I i is invalid or not accepted by the operating system i
I I after it has been converted to a data type of Scalars
I Invalid-Argument i Raised if the absolute value of the input is greater I
i I than 1.0 i

3.3.6.8.9.9.9.2.10.6 ARCTAN UNIT DESIGN (CATALOG #P784-0)

This function returns the arctangent, in units of semicircles, of an input
value.

3.3.6.8.9.9.9.2.10.6.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.2.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.2.10.6.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I TanRatio I In I Value for which an arctangent is desired I

---
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3.3.6.8.9.9.9.2.10.6.4 LOCAL DATA

None.

3.3.6.8.9.9.9.2.10.6.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.2.10.6.6 PROCESSING

The following describes the processing performed by this part:

function Arctan (Input : TanRatio) return Semicircles is

begin

return AdaArctan(Scalars(Input)) * OneOverPi;

exception

when MLib.ROprand -> raise InvalidOperand;

end Arctan;

3.3.6.8.9.9.9.2.10.6.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the generic types required by this part and
defined at the package specification level of Semicircle Operations:

I Namv I Type I Description

I Scalars I floating I Describes data type of input object pi
I Semicircles I floating I Data type describing units of angles

[ [ point type

I TanRatio floating I Data type describing output values frcm
I I point type I tangent function and input values to
I I I arctangent function

Data objects:

The following table summarizes the generic objects required by this part and
defined at the package specification level of Semicircle-Operations:
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I Name I Type I Value j Description

Pi I Scalars I N/A I Number of radians in a semicircle I

The following table summarizes the objects required by this part and defined in
the package body of SemicircleOperations:

I Name I Type I Value I Description I

I OneOverPi I Scalars I 1/pi Number of radians in a semicircle I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

i Name Description

I Invalid-Operand I The input value is in an improper format not
I accep.ted by the operating system i

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of SemicircleOperations:

I Name I Type I Description I

I AdaArctan I function I Arctangent function handling units of radians I

3.3.6.8.9.9.9.2.10.6.8 LIMITATIONS

The following table describes the exceptions raised by this part:

. Name I When/Why Raised I

InvalidOperand Raised if the input value is in an improper format whichI
is not accepted by the operating system I

3.3.6.8.9.9.9.3 DEGREEOPERATIONS PACKAGE DESIGN (CATALOG #P785-0)

This package contains a set of trigonometric functions which deal with angles
S in units of degrees. The functions provided are sine, cosine, tangent,

*, arcsine, arccosine, and arctangent.
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.3.1 REQUIREMENTS ALLOCATION

Together with other parts in the SystemFunctions package, this part meets CAMP
requirement R223.

3.3.6.8.9.9.9.3.2 LOCAL ENTITIES DESIGN

Packages:

The following table describes the packages local to this part:

I Name I Type I Description I

I Degree_MathLib I package I Math library where functions called will have I
I I I inputs and outputs of type Degrees; input and I
I I I output values will be converted as necessary I

3.3.6.8.9.9.9.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in this part's package
specifiedtion:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Degrees floating Data type describing units of angles
Ipoint type
Sin Cos Ratio floating Data type describing output values from sine

- point type and cosine functions and input values to
arcsine and arccosine functions

TanRatio floating Data type describing output values from
point type tangent function and input values to

I I Iarctangent function

3.3.6.8.9.9.9.3.4 LOCAL DATA

None.
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3.3.6.8.9.9.9.3.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials. System Functions)
package body Degree_Operations is

-- --instantiated package-

package DegreeMath_Lib is new MathLib (Real => Degrees);

package MLib renames DegreeMathLib;

-- --renamed functions within Degree MathLib

function Ada Sin (Input : Degrees)
return Degrees renames HLib.SinD;

function Ada Cos (Input : Degrees)
return Degrees renames MLib.CosD;

function AdaTan (Input : Degrees)
return Degrees renames MLib.TanD;

function Ada Arcsin (Input : Degrees)
return Degrees renames MLib.AsinD;

function AdaArccos (Input : Degrees)
return Degrees renames MLib.AcosD;

function AdaArctan (Input : Degrees)
return Degrees renames H_Lib.AtanD;

end DegreeOperations;

3.3.6.8.9.9.9.3.7 UTILIZATION OF OTHER ELEMENTS

* None.

3.3.6.8.9.9.9.3.8 LIMITATIONS

None.

3.3.6.8.9.9.9.3.9 LLCSC DESIGN

None.

UAt XWUAL.VVl VAA CUUN ANWi
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3.3.6.8.9.9.9.3.10 UNIT DESIGN

3.3.6.8.9.9.9.3.10.1 SIN UNIT DESIGN (CATALOG #P786-0)

This functions returns the sine of an angle with units of degrees.

3.3.6.8.9.9.9.3.10.1.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.3.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode l Description

. Input I Degrees I In I Angle for which a sine is desired

3.3.6.8.9.9.9.3.10.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.3.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.1.6 PROCESSING

The following describes the processing performed by this part:

function Sin (Input : Degrees) return Sin CosRatio is

begin

return SinCosRatio(Ada_Sin(input));

exception

when M Lib.ROprand => raise Invalid Operand;
when MLib.FloUndMat => raise Underflow;

end Sin;
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3.3.6.8.9.9.9.3.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of DegreeOperations:

I Name I Type I Description I

I Degrees I floating [ Data type describing units of angles I
I I point type j I
[ SinCosRatio I floating j Data type describing output values from sine I
I I point type j and cosine functions and input values to I
I I I arcsine and arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System-Functions:

I Name I Description I

Invalid-Operand Tale input value is in an improper format not I
I accepted by the operating system

Underflov [ A floating point underflow was encountered during I
I I the calculations I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Degree-Operations:

I Name Type I Description I

AdaSin I function I Sine function handling units of degrees I

3.3.6.8.9.9.9.3.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

1
fl rr .AA I~.. r L&;P , t . es. VS. v ., sj Sn. ifl fl r . r . nru w n v , n - - , an as a fla a n flaflsflnanata



CAMP Software Detailed Design Document Page 1586

I Name I When/Why Raised I

I Invalid_Operand I Raised if the format of the input is invalid and not
I accepted by the operating system I

I Underflow I Raised if a floating point underflow error occurs
I during computation I

3.3.6.8.9.9.9.3.10.2 COS UNIT DESIGN (CATALOG #P787-O)

This function returns the cosine of an angle with units of degrees.

3.3.6.8.9.9.9.3.10.2.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.3.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS: e
The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I Degrees I In I Angle for which a cosine is desired I

3.3.6.8.9.9.9.3.10.2.4 LOCAL DATA

None.

3.3.6.8.9.9.9.3.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Cos(Input : Degrees) return SinCosRatio is

begin

return SinCosRatio(AdaCos(input));

S- --- --------



CAMP Software Detailed Design Document Page 1587

exception

when MLib.ROprand => raise Invalid Operand;
when M Lib.FloUndHat => raise Underfl-ow;

end Cos;

3.3.6.8.9.9.9.3.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of DegreeOperations:

I Name i Type I Description I

Degrees [ floating I Data type describing units of angles I
I I point type j I
I SinCosRatio floating I Data type describing output values from sine

point type [ and cosine functions and input values to [
I I I arcsine and arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System-Functions:

I Name I Description I

I InvalidOperand I The input value is in an improper format not I
I I accepted by the operating system I
I Underflov j A floating point math underflov error has occurred I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Degree-Operations:

I Name I Type I Description I

I Ada Cos I function I Cosine function handling units of degrees I@.1
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3.3.6.8.9.9.9.3.10.2.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised

I Invalid_Operand j Raised if the input value has an improper format which isl
I j not accepted by the operating system
I Underflow I Raised if a floating point math underflow error occurs
I I during computation

3.3.6.8.9.9.9.3.10.3 TAN UNIT DESIGN (CATALOG #P788-0)

This function returns the tangent of an angle with units of degrees.

3.3.6.8.9.9.9.3.10.3.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.3.2 LOCAL ENTITIES DESIGN

None. a

3.3.6.8.9.9.9.3.10.3.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

Name I Type I Mode I Description .

I Input I Degrees I In I Angle for which a tangent is desiredl

3.3.6.8.9.9.9.3.10.3.4 LOCAL DATA

None.

3.3.6.8.9.9.9.3.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.3.6 PROCESSING

The following describes the processing performed by this part:

function Tan (Input : Degrees) return Tan Ratio is
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begin

return TanRatio(AdaTan(Input));

exception

when M Lib.ROprand => raise Invalid Operand;
when HLib.FloOveMat => raise OverfloW;

end Tan;

3.3.6.8.9.9.9.3.10.3.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of Degree-Operations:

I Name J Type j Description I

Degrees j floating Data type describing units of angles I
I I point type i
Tan Ratio I floating I Data type describing output values from I

- point type I tangent function and input values to [
I I I arctangent function I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of System Functions:

I Name j Description

I Invalid Operand The input value is in an improper format not I
- I accepted by the operating system

I Overflow I A floating point math overflow error has occurred I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Degree-Operations:
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I Name I Type I Description I

I Ada Tan I function I Tangent function handling units of degrees I

3.3.6.8.9.9.9.3.10.3.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name W Vhen/Why Raised I

I Invalid Operand I Raised if the input value has an improper format which isi
I Inot accepted by the operating system I
Overflow j Raised if a floating point overflow error is encountered

I during computations I

3.3.6.8.9.9.9.3.10.4 ARCSIN UNIT DESIGN (CATALOG #P789-0)

This function returns the Arcsin, in units of Degrees, of an input value. The
input value must not be greater than 1.0 or less than -1.0.

3.3.6.8.9.9.9.3.10.4.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.4.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.3.10.4.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

Input I Sin Cos Ratio I In I Value which an arcsine is desired I

3.3.6.8.9.9.9.3.10.4.4 LOCAL DATA

None.
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S 3.3.6.8.9.9.9.3.10.4.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.4.6 PROCESSING

The following describes the processing performed by this part:

function Arcsin (Input : SinCosRatio) return Degrees is

begin

return AdaArcsin(Degrees(Input));

exception

when MLib.ROprand => raise Invalid Operand;
when MLib.InvArgMat => raise Invalid-Argument;

end Arcsin;

3.3.6.8.9.9.9.3.10.4.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements'used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of DegreeOperations:

I Name I Type I Description I

I Degrees j floating I Data type describing units of angles
I I point type [ I
ISin Cos Ratio [ floating I Data type describing output values from sine [
1 - - point type I and cosine functions and input values to I

I I arcsine and arccosine functions I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:
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I Name I Description I

I InvalidOperand I The input value is in an improper format not
I I accepted by the operating system I
I InvalidArgument j The input value is an a range unacceptable to the j
I I function being called I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Degree_Operations:

IName I Type I Description I

I Ada Arcsii I function I Arcsine function handling units of degrees I

3.3.6.8.9.9.9.3.10.4.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I InvalidOperand I Raised if the input value is in an improper format that I
Invalidis not accepted by the operating system I
Invalid.Argument Raised if the absolute value of the input greater than I

I I 1.0 I

3.3.6.8.9.9.9.3.10.5 ARCCOS UNIT DESIGN (CATALOG #P790-0)

This function returns the Arccos, in units of Degrees, of an input value. The
absolute value of the input must not be greater than 1.0.

3.3.6.8.9.9.9.3.10.5.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.3.10.5.3 INPUT/OUTPUT

FORMAL PARAMETERS:
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The following table describes this part's formal parameters:

I Name I Type Mode I Description

I Input I SinCosRatio I In I Value for which an arccosine is desired I

3.3.6.8.9.9.9.3.10.5.4 LOCAL DATA

None.

3.3.6.8.9.9.9.3.10.5.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.5.6 PROCESSING

The following describes the processing performed by this part:

function Arccos (Input : SinCosRatio) return Degrees is

begin

return AdaArccos(Degrees(input));

exception

when M.Lib.ROprand -> raise InvalidOperand;
when 14Lib.InvArgMat => raise Invalid-Argument;

end Arccos;

3.3.6.8.9.9.9.3.10.5.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of DegreeOperations:

K M
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I Name I Type I DescriptionI

Degrees I floating I Data type describing units of angles I

I I point type I I
ISinCosRatio floating I Data type describing output values from sine

I point type and cosine functions and input values to I
SEepin:arcsine and arccosine functions I

~The following table summarizes the exceptions required by this part and defined
in the package specification of System_Functions:

SI Name I Description I

I Invalid_Operand I The input value is in an improper format not I
II accepted by the operating system I

I InvalidArgument j The input value is an a range unacceptable to the I
II function being calledI

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of DegreeOperations:

IName Type I Description I

I AdaArccos I function I Arccosine function handling units of degrees I

I 3.3.6 . .9.9.9.3.10.5.8 LIMITATIO)NS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I Invalid_Operand I Raised if the input value is in an improper format that I
I I is not accepted by the operating system I
I Invalid Argument I Raised if the absolute value of the input is greater I

I Ithan 1.0

3.3.6.8.9.9.9.3.10.6 ARCTAN UNIT DESIGN (CATALOG #P791-0)

This function returns the Arctangent, in units of Degrees, of an input value.
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3.3.6.8.9.9.9.3.10.6.1 REQUIREMENTS ALLOCATION

See top header.

3.3.6.8.9.9.9.3.10.6.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.3.10.6.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I TanRatio I In [ Value which an arctangent is desired I

3.3.6.8.9.9.9.3.10.6.4 LOCAL DATA

None.

3.3.6.8.9.9.9.3.10.6.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.3.10.6.6 PROCESSING

The following describes the processing performed by this part:

function Arcta- (Input : Tan-Ratio) return Degrees is

begin

return AdaArctan(Degrees(input));

exception

when MLib.ROprand -> raise Invalid Operand;

end Arctan;

3.3.6.8.9.9.9.3.10.6.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

, The following tables describe the elements used by this part but defined in one
or more ancestral units:
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Data types:

The following table summarizes the types required by this part and defined as
generic parameters for the package specification of DegreeOperations:

I Name I Type I Description I

Degrees [ floating I Data type describing units of angles I
I I point type I I
I TanRatio I floating I Data type describing output values from I
I I point type I tangent function and input values to [
I [I[ arctangent function I

Exceptions:

The following table summarizes the exceptions required by this part and defined
in the package specification of SystemFunctions:

I Name I Description I

I InvalidOperand I The input value is in an improper format not
I [ accepted by the operating system

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Degree Operations:

I Name I Type I Description

I AdaArctan I function I Arctangent function handling units of degrees I

3.3.6.8.9.9.9.3.10.6.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised I

I Invalid_Operand I Raised if the input value is in an improper format which I
I [ is not accepted by the operating system I

3.3.6.8.9.9.9.4 SQUARE ROOT PAUiAGE DESIGN (CATALOG #P792-0)

This package contains the function necessary to calculate the square root of an
input value.

- ------------------ ~ ~ -- n vs - -
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'" The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.4.1 REOUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this part meets
CAMP requirement R223.

3.3.6.8.9.9.9.4.2 LOCAL ENTITIES DESIGN

Packages:

The following table describes the packages maintained by this part:

I Name I Type I Description I

I New MathLib I package I Math library where functions called will have I
I I I inputs and outputs of type Inputs; output values [
I I I will be converted as required I

3.3.6.8.9.9.9.4.3 INPUT/OUTPUT

tI GENERIC PARAMETERS:

The following generic parameters were previously defined at the package
specification level of this part:

Data types:

The following table summarizes the generic formal types required by this part:

I Name I Type I Description I

I Inputs I floating j Data type of input values
I I point type

* IOutputs i floating i Data type of output values I

3.3.6.8.9.9.9.4.4 LOCAL DATA

None.

3.3.6.8.9.9.9.4.5 PROCESS CONTROL

Not applicable.

NA %
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3.3.6.8.9.9.9.4.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.SystemFunctions)

package body SquareRoot is-- -- -- ---------
-- --instantiated package-

package NewMathLib is new MathLib (Real => Inputs);

package MLib renames NewMath Lib;

-- --functions used in this package-

function AdaSqrt (Input : Inputs) return InFuts renames HLib.Sqrt;

end Square Root;

3.3.6.8.9.9.9.4.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.9.9.4.8 LIMITATIONS

None.

3.3.6.8.9.9.9.4.9 LLCSC DESIGN

None.

3.3.6.8.9.9.9.4.10 UNIT DESIGN

3.3.6.8.9.9.9.4.10.1 SORT UNIT DESIGN

This function returns the square root of an input value. The input value must
be greater than or equal to 0.0.

3.3.6.8.9.9.9.4.10.1.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this part meets
CAMP required R223.
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3.3.6.8.9.9.9.4.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.4.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Input I Inputs I In I Value for which a square root is desired I

3.3.6,8.9.9.9.4.10.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.4.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.4.10.1.6 PROCESSING

The following describes the processing performed by this part:

function SqRt (Input : Inputs) return Outputs is

*begin

return Outputs(AdaSqrt(input));

exception

when M Lib.ROprand m> raise Invalid Operand;
when H-Lib.SquRooNeg -> raise SquareRootNegative;

end SqRt;

3.3.6.8.9.9.9.4.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

A '
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The following table summarizes the types required by this part and defined as
generic parameters to the SquareRoot package:

Name I Type j Description I

Inputs I floating j Data type of input values I
I I point type
Outputs I floating Data type of output values I

Exceptions:

The following table summarizes the exceptions required by this part md defined
in the package specification of SystemFunctions:

I Name I Description I

InvalidOperand I The input value is in an improper format not I
I I accepted by the operating system
SquareRootNegative I An attempt was made to take the square root of a

1 - -I negative number

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of SquareRoot:

I Name I Type I Description I

I AdaSqrt I function I Square root function I

3.3.6.8.9.9.9.4.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I When/Why Raised

I InvalidOperand Raised if the input value has an invalid format I
I J which is not accepted by the operating system I
I Square-RootNegative I Raised if an attempt is made to take the square I

I I root of a negative valueI

3.3.6.8.9.9.9.5 BASE_10_LOGARITHM PACKAGE DESIGN (CATALOG #P793-0)

This package contains the functions necessary to calculate the base 10
logarithm of an input value.

.. . .. .
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The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.5.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this part meets
CAMP requirement R223.

3.3.6.8.9.9.9.5.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.5.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously defined in this part's package
specification:

Data types:

The following table summarizes the generic formal types required by this part:

-- Name I Type I Description I

I Inputs I floating I Data type of input values
I I point type I
[ Outputs I floating [ Data type of output values

3.3.6.8.9.9.9.5.4 LOCAL DATA

None.

3.3.6.8.9.9.9.5.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.5.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.System Functions)
package body Base_10_Logarithm is

:--instantiated package-

package NewMathLib is new MathLib (Real => Inputs);
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package MLib renames NewMathLib;

-- --functions used in this package-

function AdaLoglO (Input : Inputs) return Inputs renames HLib.LoglO;

end Base 10 Logarithm;

3.3.6.8.9.9.9.5.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.9.9.5.8 LIMITATIONS

None.

3.3.6.8.9.9.9.5.9 LLCSC DESIGN

None.

3.3.6.8.9.9.9.5.10 UNIT DESIGN

3.3.6.8.9.9.9.5.10.1 LOG_10 UNIT DESIGN

This function calculates the base 10 logarithm of an input value. The input
value must be greater than 0.0.

3.3.6.8.9.9.9.5.10.1.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this parts meets
CAMP requirement R223.

3.3.6.8.9.9.9.5.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.5.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The folloving table describes this part's formal parameters:

I Name I Type I Mode I Description 1

I Input I Inputs I In I Value for which a base 10 log is desired

-- --- -- -- -- -- -- -- -- -- --- -- -- -- -- ---U- ---
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3.3.6.8.9.9.9.5.10.1.4 LOCAL DATA

None.

3.3.6.8.9.9.9.5.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.5.10.1.6 PROCESSING

The following describes the processing performed by this part:

function Log_10 (Input : Inputs) return Outputs is

begin

return Outputs(AdaLoglO(input));

exception

when M Lib.Roprand -> raise Invalid Operand;
when H Lib.LogZerNeg => raise LogZero Negative;

end Log 10;

3.3.6.8.9.9.9.5.10.1.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table summarizes the types required by this part and defined as
generic parameters to the package specification of Base10_Logarithm:

I Name I Type I Description

Inputs I floating I Data type of input values
I [ point typeI " I poiOutputs I floating I Data type of output values

Exceptions:

The following table summarizes the exceptions required by this-part and defined
in the package specification of System-Functions:

-- -------------------- -------------@- ---
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1 Name I Description I

I Invalid_Operand j The input value is in an improper format not
I I accepted by the operating system I
I Log._ZeroNegative I An attempt was made to take a log of a zero or
I I negative value value I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in the package body of Base_10_Logarithm:

I Name I Type j Description I

I Ada_Logl0 I Function I Calculates the base 10 logarithm of a value I

3.3.6.8.9.9.9.5.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name I 'hen/Why Raised I

InvalidOperand I Raised if th, format of input value is invalid and not I
I I accepted by the operating system I
I LogZeroNegative I Raised if an attempt is made to take the log of a zero
[ [ *or negative value [

3.3.6.8.9.9.9.6 BASENLOGARITHM PACKAGE DESIGN (CATALOG #P794-0)

This package contains the functions necessary to calculate the base n logarithm
of an input value.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.9.9.6.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this part meets
CAMP requirement R223.

3.3.6.8.9.9.9.6.2 LOCAL ENTITIES DESIGN

Subprograms:

This package contains a sequence of statements at the end of the package body
which are executed when this package is elaborated. This code initializes the
object LoglOofBaseN.

.



CAMP Software Detailed Design Document Page 1605

Packages:

The following table describes the packages contained in this part:

Name I Type I Description I

I New Math Lib I package I Math library where functions called will have I
I - - I I inputs and outputs of type Inputs; output values I
I I I will be converted as required I

3.3.6.8.9.9.9.6.3 INPUT/OUTPUT

GENERIC PARAMETERS:

The following generic parameters were previously described in the this part's
package specification:

Data types:

The following table summarizes the generic formal types required by this part:

I Name I Type I Description I

I Inputs i floating I Data type of input values I
i I point type i I
[ Outputs i floating j Data type of output values

point type [ I

Data objects:

The following table summarizes the generic formal objects required by this
part:

I Name I Type I Value I Description I

BaseN I POSITIVE I N/A I Determines the root of the logarithm [

Subprograms:

The following table summarizes the generic formal subroutines (operators)
required by this part:

Left Input fRight Input Result I
I Name I Type I Type I Type

~?I" Outputs Outputs I Outputs
"/" Inputs Inputs I Outputs

IIr
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3.3.6.8.9.9.9.6.4 LOCAL DATA

Data objects:

The following describes the local data maintained by this part:

I Name I Type I Description

I OneOverLoglO ofBaseNI Outputs I The inverse value of the log base 10
SI I[ of the input value Base N

3.3.6.8.9.9.9.6.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.6.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.System Functions)
package body Base_N_Logarithm is

--instantiated package-

package NewMathLib is new Math Lib (Real => Inputs);

package MLib renames New MathLib;

-- --local variables-

OneOverLoglOofBase N : Inputs;

---- functions used in this package-

function Ada_Logl0 (Input : Inputs) return Inputs renames M Lib.LoglO;

-- --begin package body BaseN_Logarithm

begin

OneOverLoglOofBaseN := 1.0 / AdaLoglO(Inputs(base-n));

exception
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when HLib.ROprand => raise Invalid_Operand;

end BaseNLogarithm;

3.3.6.8.9.9.9.6.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.9.9.6.8 LIMITATIONS

The following table describes the exceptions raised by this part:

I Name j When/Why Raised

InvalidOperand I Raised if the format of the value of Base N is invalid
- I and not accepted by the operating system-

3.3.6.8.9.9.9.6.9 LLCSC DESIGN

None.

3.3.6.8.9.9.9.6.10 UNIT DESIGN

3.3.6.8.9.9.9.6.10.1 LOG N UNIT DESIGN

This function calculates the base n logarithm of an input value. It uses the
following formula to do this:

base 10 log (input)
base n log (input) ---------------------

base 10 log (n)

3.3.6.8.9.9.9.6.10.1.1 REQUIREMENTS ALLOCATION

Together with the other parts in the SystemFunctions package, this parts meets
CAMP requirement R223.

3.3.6.8.9.9.9.6.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.9.9.6.10.1.3 INPUT/OUTPUT

FORMAL PARAMETERS:

S The following table describes this part's formal parameters:
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I Name I Type I Mode I Description I

I Input I Inputs I In Value for which a base n log is desired I

3.3.6.8.9.9.9.6.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I
I loglO-ofinput I Inputs I Base 10 logarithm of input value 1

3.3.6.8.9.9.9.6.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.9.9.6.10.1.6 PROCESSING

The following dcscribes the processing performed by this part:

function LogN (Input : Inputs) return Outputs is

- -- - - - -- - - - -

.. --declaration section

LoglO of Input : Inputs;

-- --begin function LogN

begin

Log10 of Input := AdaLoglO(Input);
return loglO of input-* One_Over.LoglO of,Base-N;

exception

when M Lib.ROprand => raise Invalid Operand;
when HLib.LogZerNeg => raise LogZero_Negative;

end LogN;

'..~A~In f I I I .r. tV) ffl 1 W ~ j.AlJt nSP~A7A SrAA LDFXf~ V t I '. S'l htU tKRSD'tifS 3b~1fUM f
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3.3.6.8.9.9.9.6.10.1.7 bTILIZATION OF OTHER ELEMENTS
UTILIZATION OF ANCESTRAL ELEMENTS:

The following tables describe the elements used by this part but defined in one
or more ancestral units:

Data types:

The following table sua-arizes the types required by this part and defined as
generic parameters for the package specification BaseN_Logarithm:

1 Name I Type I Description

[ Inputs [ floating I Data type of input values
[[ point type - -- - - --

[ Outputs I floating [ Data type of output valuas I
point type I

Exceptions:

The following table su~arizes the exceptions required by this part and defined
in the package specification of System Functions:

I Name I Description I

I InvalidOperand I The input valre is in an improper format not [
I accepted by the operating system I

-'LogZeroNegative I An attempt was made to take a log of a zero or
I - - negative value value I

Subprograms and task entries:

The following table summarizes the subroutines and task entries required by
this part and defined in ancestral units:

I Name I Type I Description I

I AdaLoglO I Function I Calculates the base 10 logarithm of a value I

3.3.6.8.9.9.9.6.10.1.8 LIMITATIONS

The following table describes the exceptions raised by this part:

, I

L.4
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Name I When/Why Raised I

I InvalidOperand Raised if the format of the value of Base N is invalid I
I I and not accepted by the operating system-
[ Log_ZeroNegative I Raised if the value of BaseN is not greater than 0

3.3.6.8.9.9.10 UNIT DESIGN

None.

e
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-"'' 3.3.6.8.9.10 CONTINUEDFRACTIONS PACKA.GE DESIGN (CATALOG #P730-0)

This package contains generic functions providing Continued Fractions
polynomial solutions for the tangent and arctangent functions. Provisions are
made for the trigonometric functions to handle units of radians.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.10.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.8.9.10.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.10.3 INPUT/OUTPUT

None.

3.3.6.8.9.10.4 LOCAL DATA

1(one.

3.3.6.8.9.10.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.10.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body Continued Fractions is

package body ContinuedRadianOperations is separate;

end ContinuedFractions;

3.3.6.8.9.10.7 UTILIZATION OF QTHER ELEMENTS

None.

3.3.6.8.9.10.8 LIMITATIONS

None.
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3.3.6.8.9.10.9 LLCSC DESIGN

3.3.6.8.9.10.9.1 CONTINUEDRADIANOPERATIONS PACKAGE DESIGN (CATALOG #P731-0)

This package contains generic functions providing Continued Fractions
polynomial solutions for the tangent and arctangent functions. Provisions are
made for the trigonometric functions to handle units of radians.

The following table lists the catalog numbers for subunits contained in this
part:

I Name I Catalog _#

I TanR I P732-0
Arc7tan R P733-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.10.9.1.1 REQUIREMENTS ALLOCATION

N/A
3.3.6.8.9.10.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.10.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

I Name I Type I Description I

Radians I Floating Point I Angle expressed radians I
TanRatio Floating Point I Value of computed tangent function

Data objects:

The following table describes the generic formal objects required by this part:

I Name I Type I Description I

1 Default Term Count I Positive I Number of terms in the calculation I

-- --------------------------------------
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Subprograms:

The following table describes the generic formal subroutines required by this
part:

I Name I Type I Description

I ",. I function I Overloaded operator to multiply radians * radians
I I j yielding a tanratio result.

3.3.6.8.9.10.9.1.4 LOCAL DATA

None.

3.3.6.8.9.10.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.10.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Continued Fractions)
package body Continued Radian Oprations is

-- -- Tangent functions

function TanR (Input : Radians;
Term Count : Positive :-DefaultTerm Count )

return Tan Ratio is

InputSquared : Tan Ratio;
Inter Result : Tan-Ratio;
Hod Term : Integer;
Result : Tan-Ratio;

begin
ModTerm :w 2* Term Count - I;
Input Squared :. Input * Input;
Intei Result :. Input-Squared;
Divide:

loop
Inter Result :- InputSquared/(TanRatio(ModTerm) - Inter.Rezlt);
Hod Tem :- Nod Term - 2;
exit when Mod Term <- 1;

end loop Divide;
Result :. Tan Ratio(Input) / (1.0 - Inter Result);
return Result,

S end Tan R;

.. - Arctangent functions



CAMP Software Detailed Design Document Page 1614

function ArctanR (Input : TanRatio;
Term Count : Positive := Default Term Count )

return Radians is

Count : Positive := Term Count;
Input Squared : Tan Ratio;
Inter Result : Tan-Ratio;
Mod Term : Integer;
Result : Radians;

begin
Mod Term :. 2 * Term Count -i;
Input Squared :. Input * Input;
Inter Result :. Input-Squared;
Divide:

loop
Inter-Result :- Input_Squared /

(Tan Ratio(Mod Term) +
Tan-Ratio(Count * Count) *
InterResult);

Count :- Count - 1;
Hod Term :- Hod Term - 2;
exii vhen Hod tirm <- 1;

and loop Divide;-
Result :- Radians(Input / (1.0 + Inter-Result));
return Result;

end Aretan-R;

end ContinuedRadianOperations;

3.3.6.8.9.10.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.10.9.1.8 LIMITATIONS

None.

3.3.6.8.9.10.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.10.9.1.10 UNIT DESIGN

None.

3.3.6.8.9.10.10 UNIT DESIGN

None.
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3.3.6.8.9.11 CODYWAITE PACKAGE DESIGN (CATALOG #P880-0)

This packages contains generic functions providing Cody Waite polynomial
solutions for a set of trigonometric functions. Provisions are made for the
trigonometric functions to handle units of radians or degrees.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.11.1 REQUIREMENTS ALLOCATION

This part meets CAMP requirement R222.

3.3.6.8.9.11.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.11.3 INPUT/OUTPUT

None.

3.3.6.8.9.11.4 LOCAL DATA

None.

3.3.6.8.9.11.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.11.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body Cody_Vaite is

package body CodyNatural Log is separate;

package body Cody_Log_BaseN is separate;

end CodyWaite;

3.3.6.8.9.11.7 uTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.8.9.11.8 LIMITATIONS

None.

3.3.6.8.9.11.9 LLCSC DESIGN

3.3.6.8.9.11.9.1 CODY NATURAL LOG PACKAGE DESIGN (CATALOG #P881-0)

This package contains a generic package providing Cody Waite polynomial
solutions for the natural logarithm function. Provisions are made for the
natural log function to handle units of real. Outputs are also of type real.

The following table lists the catalog numbers for subunits contained in this
part:

Name Catalog _# I
Nat_Log P882-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.11.9.1.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.8.9.11.9.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.11.9.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by the package:I Name [ Type I Description I

I Inputs I Floating point I Floating point Input to natural log I
I I I function. I
I Outputs I Floating point I Floating point Output of natural log I
I I I function. I

FORMAL PARAMETERS:
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The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type Description I

I Nat_Log I Input I Inputs I Input for natural log function I

3.3.6.8.9.11.9.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type j Value I Description I

ICO constant 0.70710 6781 I Square root of 0.5 I
i C1 constant 8 0.2154 40 I octal constant
CI constant 8 -0.2521" 4440e-3 calculation constant

I AO constant - 64.12494 34 used in R function
I Al constant 16.38394-36 used in R function
. A2 constant - 0.78956 1129 used in R function
I BO constant - 769.49932 1 used in R function

_ l B1 constant 312.03222-1 used in R function
I B2 constant - 35.6679777 used in R function
I B3 constant 1.0 used in R function

3.3.6.8.9.11.9.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.11.9.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Cody Waite)
package body Cody_NaturalLog is

CO : constant Inputs :- 0.70710 67811 8654752440; -- SQRT(0.5)
C1 : constant Inputs :- 8 #0.545 #; -
C2 : constant Inputs :- - 0.00021_11944_40054690582767;

--used in R function
AO : constant Inputs := - 64.12494 34237 45581 147;
Al : constant Inputs := 16.38394-35630215347222;
A2 : constant Inputs := - 0.78956-11288-74912-57267;
BO : constant Inputs := - 769.49931 1084" 48797 77;
B1 : constant Inputs :- 312.03222-09192745328-44;
B2 : constant Inputs :- - 35.66797-77390-34646171;
B3 : constant Inputs := 1.0000_U0O0..U00J000_
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function Nat_Log (Input : Inputs) return Outputs is

F : Inputs;
Inter Result : Inputs;
N : INTEGER;
Result Outputs;
Sign : Inputs;
XN : Inputs;
Y : Inputs;
Z : Inputs;
Zden : Inputs;
Znum : Inputs;

function R( Z : Inputs ) return Inputs is

W : Inputs := Z * Z;

begin
return Z + Z * V * (AO + (Al + A2 * V) * W) /

(BO + (B + (B2 + W) * W) * W);
end R;

procedure Defloat( Input : Inputs;
Sign : out Inputs;
Mantissa : out Inputs;
Exponent : out INTEGER) is

X Norm : Inputs :- Input;
IF : INTEGER :-0;

begin
Sign :.- 1.0;
if X Norm = 0.0 then

Exponent :- 0;
Mantissa := 0.0;
return;

elsif X Norm < 0.0 then
X Norm :. - X Norm;
SIgn :. -1.0;-

end if;
if X Norm >. 1.0 then -- reduce to 0.5 .. 1.0

Coarsel:
while X Norm >= 1024.0 loop -- coarse reduction

N :.-N + 10;
X Norm := X Norm * 0.0009765625; -- exact on binary machine

end loop Coarsiel;
Finel:

while X Norm >. 1.0 loop -- fine reduction
N :=- N + 1;
X Norm := X Norm * 0.5; -- exact on binary machine

end loop FinelT
else

Coarse2:
while X Norm < 0.0009765625 loop -- coarse reduction

N :.-N - 10;
X Norm := X Norm * 1024.0; -- exact on binary machine

end loop Coarse2;

I . - .. . . . . .. . . . .
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Fine2:
while X Norm < 0.5 loop -- fine reduction

N := -N- 1;
X Norm := X Norm * 2.0; -- exact on binary machine

end loop Fine2;
end if;
Exponent := N;
Mantissa XNorm;

end Defloat;

begin
Defloat( Input, Sign, F, N );
Znum :- F - 0.5;
if F > CO then

Znum := Znum - 0.5;
Zden :- F * 0.5 + 0.5;

else
N :f N - 1;
Zden := Znum * 0.5 + 0.5;

end if;
Z :- Znum / Zden;
if N = 0 then

Inter Result :- R( Z );
else

Xn i. Inputs(N);
Inter Result :- (Xn * C2 + R( Z )) + Xn* Cl;

end if; -
Result :. Outputs(Inter Result);
return Result;

end Nat-Log;

end CodyNatural Log;

3.3.6.8.9.11.9.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.11.9.1.8 LIMITATIONS

None.

3.3.6.8.9.11.9.1.9 LLCSC DESIGN

None.

3.3.6.8.9.11.9.1.10 UNIT DESIGN

None.

Lt
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3.3.6.8.9.11.9.2 CODY LOG BASE N PACKAGE DESIGN (CATALOG #P883-0)

This packages contains generic functions providing Cody Waite polynomial
solutions for the log function for base N.

The following table lists the catalog numbers for subunits contained in this
part:

Name I Catalog _* I

LogBaseN P884-0 I

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.11.9.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.8.9.11.9.2.2 LOCAL ENTITIES DESIGN

None.
a

3.3.6.8.9.11.9.2.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table describes the generic formal types required by this part:

[ Name I Type I Description
I Inputs i Floating point I Floating point input to the function ]
I Outputs I Floating point I Floating point output to the function

Data objects:

The following table describes the generic formal objects required by th.- part:

I Name I Type I Value I Description I

I BaseN I Positive I defualt = 10 1 Bare to operate in I

FORMAL PARAMETERS:
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The following table describes the formal parameters for the functions contained
in this part:

I Function I Name I Type j Description

I Log_BaseN I Input I Floating I Input upon which to apply the funtion

3.3.6.8.9.11.9.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

I LocalNaturalLog I Instantiated I N/A I Natural log package used in
I I package I calculating log base n

3.3.6.8.9.11.9.2.5 PROCESS ,ONTROL

S Not applicable.

3.3.6.8.9.11.9.2.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials.Cody_Waite)
package body Cody_Log_BaseN is

package LocalNatural_Log is liew Cody_Natural Log( Inputs .> Inputs,

Outputs => Outputs);

package body Log_BaseN is

One Over Base Log : constant Outputs := 1.0 /
Local NaturalLog.NatLog( Inputs(BaseN) );

function Log_N ( Input : Inputs ) return Outputs is
begin

return LocalNaturalLog.NatLog( Input ) * OneOverBaseLog;
end Log.N;

end LogBaseN;

end Cody_Log_ Base N;

I°
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3.3.6.8.9.11.9.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.11.9.2.8 LIMITATIONS

None.

3.3.6.8.9.11.9.2.9 LLCSC DESIGN

None.

3.3.6.8.9.11.9.2.10 UNIT DESIGN

None.

3.3.6.8.9.11.10 UNIT DESIGN

None.

I
4I
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3.3.6.8.9.12 REDUCTIONOPERATIONS PACKAGE DESIGN (CATALOG #P1080-O)

This package contains reduction functions providing reduction of the input
range for sine and cosine. The sine range is from Pi to -Pi reduced to Pi/2 to
-Pi/2. Cosine reduces to 0 to Pi.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.8.9.12.1 REQUIREMENTS ALLOCATION

None.

3.3.6.8.9.12.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.12.3 INPUT/OUTPUT

CENERIC PARAMETERS:

Data types:

TWY The following table summarizes the generic formal types required by this part:

I Name I Type I Description I
I Inputs I Floating I The type of the input value to be reduced I

point I

Data objects:

The fo]lowing table summarizes the generic formal objects required by this
part:

Name I Type I Mode I Value I Description

Quarter_ I Inputs I in I Pi / 2 reduction constant of one quarter of al
Cycle I I cycle - enables input to be of radiansiI I I I ,semicircles, or degrees I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

S [Name I Type I Mode I Description I

I Input I Inputs I in I Value to be reduced I

-- - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -
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3.3.6.8.9.12.4 LOCAL DATA

None.

3.3.6.8.9.12.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.12.6 PROCESSING

The following describes the processing performed by this part:

separate (Polynomials)
package body ReductionOperations is

end ReductionOperations;

3.3.6.8.9.12.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.12.8 LIMITATIONS

None.

3.3.6.8.9.12.9 LLCSC DESIGN

None.

3.3.6.8.9.12.10 UNIT DESIGN

3.3.6.8.9.12.10.1 SINEREDUCTION UNIT DESIGN (CATALOG #P1082-0)

This function reduces input for the sine function from a range between Pi and
-Pi to a range between Pi/2 and -Pi/2.

3.3.6.8.9.12.10.1.1 REQUIREMENTS ALLOCATION

None.

3.3.6.8.9.12.10.1.2 LOCAL ENTITIES DESIGN

None.

4 ,
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3.3.6.8.9.12.10.1.3 INPUT/OUTPUT

None.

3.3.6.8.9.12.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I

I Result I Inputs I Result of calculations I

3.3.6.8.9.12.10.1.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.12.10.1.6 PROCESSING

The following describes the processing performed by this part:

function SineReduction( Input : Inputs ) return Inputs is
Result : Inputs;

begin
if Input > Quarter Cycle then

Result := Half cycle - Input;
elsif Input < - Quarter Cycle then

Result := - HalfCycle - Input;
else

Result := Input;
end if;
return Result;

end SineReduction;

3.3.6.8.9.12.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.12.10.1.8 LIMITATIONS

None.

3.3.6.8.9.12.10.2 COSINEREDUCTION UNIT DESIGN (CATALOG #P1084-0)

S This function reduces input for the cosine function from a range between Pi and
-Pi to a range between 0 and Pi.

..
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3.3.6.8.9.12.10.2.1 REQUIREMENTS ALLOCATION

None.

3.3.6.8.9.12.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.8.9.12.10.2.3 INPUT/ObTPUT

None.

3.3.6.8.9.12.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Description I

I Result I Inputs J Result of calculations

3.3.6.8.9.12.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.8.9.12.10.2.6 PROCESSING

The following describes the processing performed by this part:

function Cosine Reduction( Input : Inputs ) return Inputs is
Result : Inputs;

begin
return ABS( Input );

end Cosine-Reduction;

3.3.6.8.9.12.10.2.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.8.9.12.10.2.8 LIMITATIONS

None.

6
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3.3.6.8.10 UNIT DESIGN

None.

I°I

@
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Q with Math Lib;

package body Polynomials is

package body Chebyshev is separate;

package body CodyWaite is separate;

package body ContinuedFractions is separate;

package body Fike is separate;

package body GeneralPolynomial is separate;

package body Hart is separate;

package body Hastings is separate;

package body ModifiedNewtonRaphson is separate;

package body NewtonRaphson is separate;

package body SystemFunctions is separate;

package body Taylor Series is separate;

package body Reduction-Operations is separate;

S end Polynomials;

0-
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separate (Polynomials)
package body Chebyshev is

package body Chebyshev RadianOperations is separate;

package body ChebyshevDegreeOperations is separate;

package body ChebyshevSemicircleOperations is separate;

end Chebyshev;

4
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separate (Polynomials. Chebyshev)
package body Chebyshev .RadianOperations is

Sin R CO :constant :=1.34752 631;
SinRCl1 : constant :=-1.55659-125;
Sin R C2 : constant := .22275 7911;
Sin K7C3 : constant :=-0.01419-31743;
SinRkC4 : constant :=0.00051719072 74;
Sin-RB5 : constant :=-0.00001-18935-046;

function SinR_5term(Input : Radians) return Sin CosRatio is

InterResult_4 : Real;
InterResult 3 : Real;
InterResult 2 : Real;
InterResult 1 : Real;
Inter ResultO0 : Real;
Result : Sin CosRatio;
Y : ReaI;
YSquared : Real;

begin
Y :-= Input *OneOver_-Pi; -- converts radians to semicircles
Y_-Squared :=Y *Y;
InterResult 0 :-4.0 * Y. Squared -2.0;

InterResult74 :=InterR~esult_0 * Sin RB5 + SinRC4;
Inter Result_3 :=Inter_-Result_0 * IntirResult-4 - SinRB5 +

Sin RC3;
InterResult_2 :=Inter Result 0 * InterResult_3 - InterResult_4 +

Sin_ k'C2;
InterResult 1 :=Inter~hesult 0 * InterResult_2 - Inter Result 3 +

Sin Rd;l -
InterResult_0 : Intekrhesult_0 * InterResult_1 - InterResult_2 +

Sin R7do;
Inter Result_0 : (InteiResult_0- (2.0 *YSquared -1.0)*

Inter Result_1) *Y;

if InterResult_0 > 1.0 !hen
Inter Result 0 := 1.0;

elsif InTerResUlt 0 < -1.0 then
Inter Result_0 -.= -1.0;

end if;
Result :=Sin-CosRatio(InterResult_0);
return Result.,

end Sin R_5term;

emd ChebyshevRadianOperations;



CAMP Software Detailed Design Document Page 1632

separate (Polynomials. Chebyshev)
package body ChebyshevDegreeOperations is

SinDCO :constant :~1.34752_631;
Sin D 'C1 : constant :=-1.55659-125;
Sin D7C2 : constant 0 .22275-7911;
SinDCC3 : constant :=-0.01419-31743;
Sin D-C4 : constant :=0.00051-19072_74;
SinD7B5 : constant :=-0.00001-189350h46;

OneOver_180 :constant :=0.00555555555;

function SinD_5term(Input :Degrees) return SinCos Ratio is

Inter Result_4 : Real;
Inter Result 3 : Real;
InterResult 2 : Real;
Inter Result 1 : Real;
Inter7Result-O : Real;
Result : Sin CosRatio;
Y : Real;
Y-Squared : Real;

begin
Y :. Input *One Over 180; -- converts degrees to semicircle.5
Y Squared :=Y *-Y;-
Ijiter --Result 0 : 4.0 *Y Squared.- 2.0;
Inter -Result-4 :=Inter Result 0 * Sin D E5 + Sin D C4;
Inter7Result-3 :=Inter Result-0 * IntirResult4-Sin D B5

+ Sin D C3,
Inter-Result_2 :. Inter Result 0 * Inter-Result 3 - InterResult_4

+ SinIfC2;
Inter Result_1 := Inter_-Result -0 * InterResult_2 - InterResult_3

+ SinDCl;,
InterResult_0 := InterResult_-0 * InterResult_1 - InterResult_2

+ SinDCO;,
InterResult 0 := (Inter Result0-O (2.0 *Y Squared -1.0)*

Inter-Resultl1) Y;
if Inter Result_0 > 1.0 ihen-

InterResult 0 := 1.0;
elsif Inter Result 0 < -1.0 then

InterResult_0 -*.= -1.0;
end if;
Result :. Sin-CosRatio(InterResult_0);
return Result;

end SinDSterm;

end ChebyshevDegreeOperations;
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separate (Polynomials.Chebyshev)
package body Chebyshev SemicircleOperations is

SinSCO :constant 1.34752_631;
Sin S Cl :constant :=-1.55659-125;
Sin - -C2 : constant 0 .22275:7911;
Sin S-C3 : constant :=-0.01419 31743;
SinS SC4 : constant :=0.00051-19072 74;
SinfS7B5 : constant :-0.O000118935-046;

function Sin_-SS term(Input : Semicircles) return SinCosRatio is

Inter_-Result_4 : Real;
InterResult_3 : Real;
InterResult_2 : Real;
InterResult 1 : Real;
Inter Result_0 : Real;
Result : Sin CosRatio;
YSquared : Real;

begin
Y_-Squared := Input * Input;
Inter Result 0 :=4.0 * Y Squared -2.0;

Inter Result 4 :=Inter R~esult 0 *Sin SB5 + Sin S C4;
Inter-ResultC3 :=Intei-Result-0 *Intir-Result 47--Sin-S B5 +

SinS C3;
InterResult 2 :=Inter-Result_0 *Inter-Result 3 - Inter-Result 4 +

SinSC2;-
InterResult_1 :=Inter Result -0 *InterResult_2 - InterResult_3 +

Sin SCl;
InterResult_0 :=Inter Result 0 *InterResult_1 - InterResult_2 +

- Sin S CO;
InterResult 0 : (InterResult 0 -(2.0 *Y Squared -1.0)*

_Inter Result 1) *Real(Input);
if Inter Result_0 > 1.O-then

Inter-Result 0 := 1.0;
elsif In-terResUlt_0 < -1.0 then

Inter_-Result_0 --. -1.0;
end if;
Result := Sin CosRatio(InterResult_0);
return Result*

end SinSSterm;

end Chebyshev SemicircleOperatiois;
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separate (Polynomials)
package body Fike is

package body FikeSemicircle_Operations is separate;

end Fike;

I 0
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separate (Polynomials.Fike)
package body Fike_SemicircleOperations is

Arcsin Cl : constant := 0.31830 9886;
Arcsin-C3 : constant := 0.05305-20148;
Arcsin-C5 : constant :0 O.02385-63606;
Arcsin-C7 : constant := 0.01448-96675;
Arcsin-C9 : constant 0.00763-75322 8;
ArcsinCli : constant 0.0135018593Y

function Arcsin_S_6term (Input : SinCosRatio) return Semicircles is

Input_Squared : Real;
Inter Result : Real;
Left Ouadrant : BOOLEAN;
Mod Input : Real;
Result : Semicircles;

begin
if abs( Input ) > 0.5 then

Mod Input := Sqrt( Real((1.0 - abs(Input)) * 0.5) );
Left_Quadrant :. TRUE;

else
Mod Input. :a Real(Input);
Left Quadrant :. FALSE;

end if;-
InputSquared := Mod Input * Mod Input;
InterResult := ((((TArcsin Cl * InputSquared +

Arcsin C9) * InputSquared +
Arcsin-T7) * Input Squared ¥
ArcsinC5) * Input Squared +
Arcsin C3) * InputSquared +
Arcsin-Cl) * Mod_Input;

if Left Quadrant then-
if Iiiput > 0.0 then

Inter Result := 0.5 - (2.0 * Inter Result);
else

Inter Result := - (0.5 - (2.0 * InterResult));
end if;

end if;
Result := Semicircles(InterResult);
return Result;

end Arcsin_S_6term;

function Arccos_S_6term (Input : SinCosRatio) return Semicircles is

Input Squared : Real;
Inter Result : Real;
Left Ouadrant : BOOLEAN;
ModInput : Real;
Result : Semicircles;

begin
if abs( Input ) > 0.5 then

Mod Input := Sqrt( Real((1.0 - abs(Input)) * 0.5) );
Leff Quadrant := TRUE;

else
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Mod Input := Real(Input);
Left Quadrant := FALSE;

end if;
Input Squared := Mod Input * Mod Input;
Inter Result := ((((Arcsin ell * InputSquared +

Arcsin C9) *-Input_Squared +
Arcsin C7) * Input_Squared +
Arcsin C5) * Input_Squared +
Arcsin C3) * InputSquared +
Arcsin Cl) * ModInput;

if Left Quadrant then-
if Input > 0.0 then

InterResult := 0.5 - (2.0 * Inter Result);
else

InterResult := - (0.5 - (2.0 * InterResult));
end if;

end if;
Result := Semicircles(Inter Result);

.. .. convert to Arccos by applying formula

.. . Arccosine = PiI2 - Arcsine
Result := 0.5 - Result;
return Result;

end ArccosS_6term;

end FikeSemicircleOperations; e

S@
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separate (Polynomials)
package body Hart is

package body HartRadianOperations is separate;

package body HartDegreeOperations is separate;

end Hart;

9j,
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separate (Polynomials.Hart)
package body HartRadianOperations is

Cos R CO : constant 0.99999 9953;
Cos-R-C2 : constant -6.49999-9053;
Cos-R-C4 : constant 0.04166-35847;
Cos-R-C6 : constant -0.00138-53704 3;
Cos-R-C8 : constant := 0.00002-31539-317;

function CosR_5term (Input : Radians) return SinCosRatio is

Inter Result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : RadlansT

begin

if Input >= PiOver_2 then
ModInput Pi - Input;

else
Mod Input := Input;

end if;ed.i£

XSquared :f Mod Input * Hod Input;
InterResult :T ((CosR C8 - X Squared +

Cos R-C6) * X_-Squared +
CosRC4) * XSquared +
CosRC2) * X Squared;

Inter Result :f Inter Result + CosRCO;
if Input >. Pi Over 2-then

InterResult :f - InterResult;
end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
elsif InTer Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( InterResult );
return Result,

end Cos_R.Sterm;

end HartRadianOperations;

IJ
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separate (Polynomials.Hart)
package body HartDegreeOperations is

Cos D CO : constant := 0.99999 9953;
Cos-D-C2 : constant := - 1.52308_42e-04;
Cos D C4 : constant := 3.86603 79e-09;
Cos-DC6 : constant :i - 3.91588-67e-14;
CosD-C8 : constant := 1.99362-60e-19;

function CosD_5term (Input : Degrees) return Sin CosRatio is

Inter Result : Real;
Mod-Input : Degrees;
Result : Sin CosRatio;
XSquared : Real;

begin

if Input >= 90.0 then
Mod_Input := 180.0 - Input;

else
Mod Input :f Input;

end if;
X Squared :. Mod Input * Mod Input;
Inter Result :T (((Cos D C8 * X Squared +

Cos D_C6) * XSquared +
Cos D C4) * XSquared +
Cos D C2) * X Squared;

Inter Result := Inter _esult + CosDCO;
if Input >= 90.0 then-

InterResult := - Inter-Result;
end if;
if Inter Result > 1.0 then

Inter Result := 1.0;
alsif In~er Result < -1.0 then

Inter Result := -1.0;
end if;

Result := Sin CosRatio( InterResult );
return Result;

end Cos_DSterm;

end HartDegreeOperations;
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separate (Polynomials)
package body Hastings is

package body HastingsRadianOperations is separate;

package body HastingsDegreeOperations is separate;

end Hastings;

i .t

J

Am@
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separate (Polynomials. Hastings)
package body HastingsRadianOperations is

Sin R Cl 5term : constant := 0.99999 9995;
Sin-R-C3-5term : constant :=-0.16666-6567;
Sin-R-S-term : constant := 0.00833-30251_7;
Sin-R-C7-5term : constant :=-0.00019-8074143;
Sin-R-C9-5term : constant := 0.00000-26018-8690;

Sin R Cl 4term : constant :f 0.99999 9;
Sin-R-'C3-4term : constant :=-0.16665-5;
Sin R C574term : constant := 0.00831-190;
Sin-R-C7-4term : constant :=-0.00018-4882;

Arctan R Cl 8term : constant := 0.99999 9333;
ArctanR-C3"8term : constant :--0.3332978560;
ArctanR7C5-8term : constant := 0.19946-5360;
Arctan"R7-C-8term : constant : -0.13908_5335;
Arctan"R-C9-term : constant := 0.09642-00441;
Arctan-R-C1T 8term : constant := -0.05590-98861;
Arctan"R-C13-8term : constant :f 0.02186712288;
Arctan-RCl5-8term : constant :- -0.00405740580;

Arctan R C1 7term : constant := 0.99999 6115;
ArctarR"3-7term : conzutant :=-0.33317-3758;
Arctan-R"C5-7term : constant 0 0.19807-8690;
Arctan-R"C7-7term : constant :--0.13233-5096;
Arctan-RC97term : constant := 0.07962-6318;
Arctan-R-ClT 7term : constant :.-0.033606269;
ArctanR7C13-7term : constant :- 0.0068172411;

Arctan R C1 6term : constant :- 0.99997 726;
Arctan-R-C3-6term : constant :=-0.33262-347;
Arctan R-C5-6term : constant :f 0.19354-346;
Arctan-R-7-6term : constant :=-0.11643-287;
ArctanR C9-6term : constant :f 0.05265-332;
Arctan-R_ClI 6term : constant :=-0.01172"120;

pragma PAGE;

.. -- sine functions

function SinR_Sterm(Input : Radians) return Sin Cos Ratio is

Input_Squared : Real;
Inter Result : Real;
Resull : SinCosRatio;

begin

Input_Squared := Input * Input;
InterResult := ((((Sin R C9 5term *

InputSquared + SiznR-h7-sterm) *
InputSquared + Sin-R-5-Sterm) *
InputSquared + Sin-R-C3-5term) *
Input Squared + Sin-"Cl-Sterm);

Inter Result := Inter Result * Real(Inpit);
if InterResult > 1.0-then
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InterResult :=1.0;
elsif Inter Result < -1.0 then

InterResult := -1.0;
end if;
Result := Sin-Cos_-Ratio( InterResult )
return Result;

end SinRSterm;

pragna PAGE;
function SinR_4term(Input : Radians) return Sin Cos Ratio is

Input_Squared : Real;
Inter Result : Real;
Result : SinCosRatio;

begin

InputSquared :=Input * Input;
InterResult :=(((in R C7 4term *

Input_Squared + SinR7h574term) *
Input_Squared + SinRC3-4term) *
InputSquared + SinfR77hl4term);

Inter Result :. InterResult * Real(Iiipiit);,
if Inter Result > 1.07 then

InterResult :. 1.0;
elsif Inter Result < -1.0 then

InterResult :. -1.0;
end if;

N Result :. Sin-Cos -Ratio( Inter-Result )
rtrn Result-

end Sin R 4term;

---- cosine fiinctions

pragma PAGE;
function CosRSterm(Input : Radians) return Sin CosRatio is

Input -Squared : Real;
Inter Result : Real;
Hod_-Input : Radians;
Result : SinCosRatio;

begin

Modinput :. PiOver 2 - Input;
Input_Squared M= od-Input * Mod Input;
Inter-Result :=((((Sin R C9 5term *

Input_Squared +' Sin-R7 F5term) *
Input_Squared + SinR-lh5 5 term) *
Input_Squared + Sin RfC3-5term) *
Input Squared + SiifR7h375term);

Inter Result :. Inter Riesult * Real(ModInput);
if InterResult > 1.O-then

InterResult := 1.0;
elsif InterResult < -1.0 then

41 N A~rA~d~ .t YWf~Af~ ~ '.M V~fJ M VV~ rfJM \ J~h ~ '7AhI
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Inter Result := -1.0;
end if;
Result := Sin-CosRatio( InterResult );
return Result;

end Cos_R_5term;

pragna PAGE;
function Cos_R_4term(Input : Radians) return Sin Cos Ratio is

InputSquared : Real;
Inter Result : Real;
Mod Iiput : Radians;
Result : SinCosRatio;

begin

Mod Input := Pi Over 2 - Input;
Input Squared .; MoFInput * Mod Input;
InteriResult := (((Sin R C7 4term *

InputSquared + SinRC-4term) *
InputSquared + Sin-R-C3-4term) *
Input Squared + Sin-R-CI-4term);

Inter Result := Inter Result * Real(Mod-Input);
if Injer Result > l.Othen

InterResult := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin CosRatio( Inter Result );
return Result;

end CosR_4term;

pragma PAGE;
- hngent functions

function Tan R 3term (Input : Radians) return TanRatio is
Sin : Sin_-CosRatio;
Cos : SinCosRatio;

begin
Sin := Sin R 5term(Input);
if Input -C0o0 then

Cos := - CosR_5term( Pi + Input );
else

Cos := Cos_R_5term(Input);
end if;
return Tan Ratio(Sin / Cos);

end TanR_5tem;

pragma PAGE;
function Tan R 4term (Input : Radians) return Tan Ratio is

Sin : Sin Cos Ratio;
Cos : SinCosRatio;

begin
Sin := Sin R 4term(Input);
if Input <0 then
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Cos :=-CosR_4term( Pi + Input )
else

Cos :=CosR_4term(Input);
end if;
return Tan Ratio(Sin / Cos);

end TanR_4term;

pragma PAGE;
---- Arciangent functions

function ArctanRBterm (Input : TanRatio) return Radians is

Input_-Squared : Tan Ratio;
Inter Result : Tan-Ratio;
Resulf : Radians;

begin
Input_Squared :=Input * Input;
Inter-Result :=(((((((Arctan -R C15 Bterm *

Input_Squared + ArctanR hl38term) *
InputSquared + Arctan7Cl318term) *
Input_Squared + ArctaRC9 Uterm) *
Input_Squared + Arctan-R708term) *
Input_Squared + Arctan R C3 Bteru) *

-IInput_Squared + ArctanR7058term) *
InputSquared + ArctazfRChf8term) *
Input;

Result :. Radians(InterResult);
return Result;

end ArctanRBrerm;

pragma PAGE;
function Arctan R Yterm (Input : TanRatio) return Radians is

InputSquared : Tan_-Ratio;
Inter-Result : Tan Ratio;
Result : Radians;

begin
InputSquared :=Input * Input;
InterResult :=((((((Aretan R C13 7term *

Input_Squared + ArctanRkcli 7 term) *
Input_Squared + Arc tan RC9 lterm) *
Input_Squered + ArctaifR7C7F7term) *
Input_Squared +i ArctaCR7057term) *
InputSquared + Arctaif7C3f7 term) *
Input_Squared + ArctaxfR7Cf7 term) *
Input;

Result :=Radians(InterResult);
return Re~sult;

end ArctanR_7term;

pragma PAGE;
function ArctanR_6 term (Input :TanRatio) return Radians is

InputSquared : Tan Ratio;
Inter _Result : TanRatio;
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Result :Radians;

begin
Input_-Squared Input * Input;
InterResult (((((Arctan R C11 6term *

Input_Squared + Arctan R C9 "6term) *
Input_Squared + ArctanR7C76term) *
Input Squared + Arctan_'Ah5_6term) *
InputSquared + Arctan R C36term) *
Input_Squared + ArctaniR7Cl6term) *
Input;

Result :=Radians(InterResult);
return Result;,

end ArctanR_6term;

pragua PAGE;
--- Modified Hastings Arciangent functions

function HodArctanR_8term (Input :Tan Ratio) return Radians is

Input-_ Squared : Tan Ratio;
Inter Result : Tan Ratio;
Mod Input : Tan7Ratio;
ResUlt : Radians;

begin
if Input >. 0.0 thenic ~ Hod Input :-Input;

* . else
ModInput :=-Input;

end if;
Mod_-Input :. (ModInput - 1.0) /(Mod-Input + 1.0);
Input_-Squared R= odInput * Mod Input;
InterResult :=((((Arctan R C15 8term *

Input_Squared + Arctan7RC~l8term) *
Input_Squared + Arctan RC1lf8term) *
InputSquared + Arc tanR!t79 Uterm) *
Input Squared + Arctan R7C78term) *
InputSquared + Arctan RCC5-8term) *
InputSquared + Arctan7R7h3_8term) *
Input_Squared + ArctanIkC1 8term) *
Hod Input;

Result :=Radians(IntirResult) + PiOver_4;
if Input < 0.0 then

Result :=-Result;
end if;
return Result;

end ModArctanR_8term;

pragma PAGE;
function ModArctanR_7term (Input :Tan Ratio) return Radians is

Input Squared :Tan Ratio;
Inter Result :Tan Ratio;
ModIjiput :Tan7Ratio;
Result :Radians;



CAMP Software Detailed Design Document Page 1646

begin
if Input >= 0.0 then

ModInput := Input;
else

Mod Input - Input;
end ifi;-
Mod Input := (Mod Input -1.0) / (Mod Input + 1.0);
InputSquared := RodInput * Mod Input;
Inter Result M ae (ArctanR C13 7term *

InputSquared + ArctanR C11 7term) *
InputSquared + Arctan R-C9 7term) *
InputSquared + Arctan-R-C5-7term) *
InputSquared + ArctanR-C5-term) *
Input_Squared + ArctanR-C3-7term) *
Input_Squared + ArctanRC-7term) *
Mod Input;

Result := Radians(Inter_Result) + PiOver 4;
if Input < 0.0 then

Result := - Result;
end if;
return Result;

end ModArctan_R_7term;

pragua PAGE;
function ModArctan_R_6term (Input : Tan-Ratio) return Radians is

InputSquared : Tan Ratio;
Inter-Result : Tan-Ratio;
Mod_Input : Tan-Ratio;
Result : Radlans;

begin
if Input >= 0.0 then

ModInput := Input;
else

Mod Input := - Input;
end if;
Mod Input := (Mod Input - 1.0) / (Mod Input + 1.0);
Input_Squared := ModInput * Mod Input;
InterResult := (((T(Arctan R C1I 6term *

InputSquared + ArctanR-C9 -6terin) *
InputSquared + Arctan-RC-6term) *
InputSquared + ArctanR-C5-6term) *
InputSquared + Arctan R-C3-6term) *
InputSquared + ArctanR Cl 6 term) *
Mod_Input;

Result := Radians(InterResult) + PiOver_4;
if Input < 0.0 then

Result := - Result;
end if;
return Result;

end ModAretanR_6term;

end HastingsRadianOperations;
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separate (Polynomials.Hastings)
package body HastingsDegreeOperations is

Sin D C1 5term : constant := 1.74532 92e-02;
Sin-DC3-5term : constant -8.86095-625e-07;

Sin -D -C5 Sterm : constant := 1.34955-172e-11;
SinDbC7-5term : constant :=-9.77168-260e-17;
Sin-CCh9Sterm : constant := 3.91006-135e-22;

Sin D C1 4term : constant := 1.74533e-02;
SinDhC34term : constant :=-8.86037e-07;
SinC5-4term : constant :~1.34613e-11;
SinDC74teri : constant :=-9.12087e-17;

---- sine functions

pragua PAGE;
function SinDSterm(Input :Degrees) return Sin CosRatio is

Input_-Squared : Real;
Inter Result : Real;
Result : SinCosRatio;

begin

Input_-Squared :-Input * Input;
Inter-Result :=((((Sin D C9-5teru *

InputSquared + SinflfC7 5term) *
InputSquared + SinlfC55term) *
InputSquared + Sin_ 3-5term) *
Input_Squared + Sin D Ci5term);

Inter Resuli ;= Inter Result * Real(Iipiit);,
if In-ter Result > 1.O-then

InterResult :. 1.0;
elsif InterResult < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin-Cos_-Ratio( InterResult )
return Result,

end SinD_5term;

pragma PAGE;
function SinD_4term(Input : Degrees) return SinCos-Ratio is

Input_-Squared : Real;
Inter Result : Real;
Result : SinCosRatio;

begin

Ipt-Surd Input SqInurdt SnD;S4em
InptrRsure ((S InD C7 Input;*

InterResultre + ((SinDC7 -4term) *
Input_Squared + Sin7EC34term) *
InputSquared + Sin-hrhl 4term);

InterResult := Inter-Result * Real(inpit);,

I1 -W .nq j'x Vv VNU Uii rW Juuk. JV'.w0 6N JW JVUN J AU tj1 j .% N %,^. IL, LI %rUNU A A pj~
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if Inter Result > 1.0 then
Inter Result := 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result := Sin CosRatio( Inter Result );
return Result;

end Sin_D_4term;

pragma PAGE;
--..- cosine functions

function Cos_D_5term(Input : Degrees) return SinCosRatio is

InputSquared : Real;
Inter Result : Real;
Mod_Input : Degrees;
Result : SinCosRatio;

begin

ModInput := 90.0 - Input;
Input Squared := Mod Input * Hod Input;
Inter-Result : ((T(Sin D C9 5term *

InputSquared + SinD-C7-term) *
InputSquared + Sin-D-C5-5term) *
InputSquared + Sin-D-C3-5term) *
InputSquared + Sin"-C-5term);

Inter Result :. Inter Result * Real(ModInput);
if Inter Result > 1.0-then

Inter Result :. 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := SinCosRatio( Inter Result );
return Result;

end Cos_D_5term;

pragma PAGE;
function Cos_D_4term(Input : Degrees) return SinCosRatio is

Input Squared : Real;
Inter-Result : Real;
Mod_Input : Degrees;
Result : SinCosRatio;

begin

ModInput := 90.0 - Input;
Input Squared := ModInput * Mod Input;
Inter-Result := (T(Sin D C7 4term *

InputSquared + Sin-EFC5-4term) *
InputSquared + Sin-D-C3-4term) *
Input_Squared + SinD C1 4te:rm);

InterResult := Inter-Result * Real(ModInCput);
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if Inter Result > 1.0 then
Inter-Result := 1.0;

elsif Inter Result < -1..0 then
Inter Result := -1.0;

end if;
Result := SinCosRatio( InterRenult );
return Result;

end Cos_D_4term;

pragna PAGE;
Tangent function

function Tan D 5term (Input : Degrees) return TanRatio is
Sin : Sin Cos Ratio;
Cos : Sin_Cos-Ratio;

begin
Sin := SinD _5term(Input);
if Input < 0.0 then

Cos := - Cos_D_5term( 180.0 + Input );
else

Cos := CosD_5term(Input);
end if;
return Tan Ratio(Sin / Cos);

end TanD_5term;

afunction Tan D 4term (Input : Degrees) return TanRatio is
Sin : Sin-Cos Ratio;
Cos : SinCos-Ratio;

begin
Sin :. Sin_D_4term(Input);
if Input < 0.0 then

Cos :- - CosD_4term( 180.0 + Input );
else

Cos := Cos_D_4term(Input);
end if;
return Tan Ratio(Sin / Cos);

end Tan_D_4term;

end HastingsDegreeOperations;

---

- - - - - - - - - -- - - - - - -- .~,--,~-~.-~. a..aa .~t an~hl~n. tfll tn~ ,
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separate (Polynomials)
package body ModifiedNewtonRaphson is

C1 : constant 2.18518 306;
C2 : constant.= 3.02289 917;
C3 : constant 1.54515_776;

pragma PAGE;
function Sqrt(Input : Inputs) return Outputs is

Inter Result : Reals;
Result : Outputs;
Root Pwr : Reals;
XNorm : Reals;

begin
if Input = 0.0 then

Result := 0.0;
else

X Norm := Reals( Input );
- - - - - - - - - - - - - - - - - - - - - -

-- - Reduce input to between 0.25 and 1.0 -
-- in order to achieve better initial -

-- - approximation

Root Pwr :. 1.0;
if Iiiput > 1.0 then

Reduce:
while X Norm > 1.0 loop

Root Pwr :- Root Pwr * 2.0;
X Norm :- X Norm * 0.25;

end loop Reduce;-
else

Increase:
while X Norm < 0.25 loop

Root Pwr := Root Pwr * 0.5;
X Norm := X Norm * 4.0;

end loop Increase;
end if;
Inter Result := C1 - C2 / (X Norm + C3);
Inter-Result := (X Norm/InteF Result + Inter Result) * 0.5;
Inter-Result := (X-Norm/Inter-Result + InterResult) * 0.5;
Inter-Result := (X-Norm/Inter-Result + Inter-Result) * 0.5;
InterResult := Inter Result * Root Pwr;
Result := Outputs(Intir_Result);

end if; -- Input not 0.0
return Result;

end Sqrt;

end ModifiedNewtonRaphson;
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separate (Polynomials)
package body Newton Raphson is

Cl : constant :=3.57142 857;
C2 :constant 14.57725 95;
C3 : constant 0 .30612 2449;
C4 : constant :~4.79591 837;
C5 : constant :=0.166597251;

function Sqrt(Input : Inputs) return Outputs is

Inter Result : Reals;
Result : Outputs;
Root Pwr : Reals;
XNo~rm : Reals;

begin
if Input = 0.0 then

Result := 0.0;
else

XNorm :=Reals( Input )

-- - Reduce input to between 0.25 and 1.0 -

-- - in order to achieve better initial -

-- - approximation
- - - - - - - - - - - - - - - - - - - - -

Root Pwr :. 1.0;9
if I-nput > 1.0 then

Reduce:
while X Norm > 1.0 loop

RootPvr :=Root Fwr * 2.0;
X Norm X= _No~m * 0.25;

end loop Reduce;-
else

Increase:
while XNorm < 0.25 loop

Root Pwr :=Root Pwr * 0.5;
X Norm :=X Norm * 4.0;

end loop Increase;
end if;
Inter Result :=C1 - (C2 * (X Norm + C3)) /((X Norm + C4) *(XNorm + C5) + C5);
InterResult :=(X Norm/InterResult + InterResult) * 0.5;
Inter7Result :=(XFhorm/InterResult + Inter-Result) * 0.5;
Inter~kesult :=(XNorm/Inter Result + Inter-Result) * 0.5;
InterResult :=Inter Result W RootPwr;
Resultf := Outputs(InterResult);

end if;
return Result;

* end Sqrt;

end NewtonRaphson;
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separate (Polynomials)
package body TaylorSeries is

package body TaylorRadianOperations is separate;

package body TaylorDegreeOperations is separate;

package body TaylorNaturalLog is separate;

package body TaylorLog_BaseN is separate;

end TaylorSeries;

eJ.IfLO
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separate (Polynomials.Taylor Series)
package body TaylorRadian_0perations is

The Sine constants are utsed in the Taylor operations for computing
-- the sine. Tie Cosine constants are used in computing cosines. In
-- the Modified Taylor operations, however. bolh sets of constants are
-- used. Constants are given for 9 digits of precision for both ,'vxended
-- and single precision. They are named to correspond to the power
-- of X (Input) vith which they are terned.

Sin R C3 : constant := -0.16666 6667;
Sin-RC5 : constant := 0.00833-33333_3;
Sin-R-C7 : constant :ff-0.00019 84126-98;
Sin-R-C9 : constant := 0.00006-27557-3164;
Sin-RC11 : constant :=-0.00000-00250-51870 9;
SinR-Cl3 : constant : 0.00000-00001760478-446;
Sin-R_-15 : constant ,--0.00000-0000000737-06627_8;

Cos R C3 : constant := -0.50000 0000;
Cos-RC5 : constant : 0 0.04166-66667;
Cos-R-7 : constant := -0.00138-88888 9;
Cos-R-C9 : constant := 0.0000248015-873;
CosR-C1l : constant :--0.0000002755-73192;
Cos"WC13 : constant :- 0.00000-0002087675 70;
Cos-R-C15 constant :--0.00006-00000-11470-7456;

Tan R C3 constant 0.33333 3333;
Tan-RC5 :constant 0.13333-3333;
Tan"R"h7 : constant :- 0.05396-82540;
Tan"R-C9 : constant :-0.02186-9488;
Tan-R-C11 : constant :- 0.00886-32355 3;
Tan"RC13 : constant :-0.00359-212804;
TanR-C15 : constant :-0.00145583439;

Arcsin R C3 : constant := 0.16666 6666;
Arcsin-R-C5 : constant := 0.075; -
Arcsin-R-C7 : constant := 0.04464 28571;
Arcsin-R-C9 : constant := 0.03038-19444;
Arcsin-R-Cll : constant := 0.02237-21591;
Arcsin-R-C13 : constant := 0.01735 27644;
Arcsin_R_C5 : constant :-0.01396_-48438;

Arctan R C3 : constant := 0.33333_3333;
ArctanRC5 : constant :=-0.2;
ArctanRC7 : constant :f 0.14285 7142;
ArctanRC9 : constant :--0.11111-1111;
Arctan R-Cli : constant := 0.09090_90909;
Arctan-R-C13 : constant :=-0.07692-30769;
Arctan-R-C15 : constant := 0.06666-66667;

Alt Arctan R C3 : constant := -0.33333_3333;
AltArctan-R-C5 : constant := 0.2;
Alt-Arctan-RC7 : constant :- -0.14285 7142;
Alt"Arctan-R-C9 : constant := 0.11111-1111;
Alt ArctanRCll : constant :=-0.09090-90909;
Alt-Arctan-R-Cl3 : constant := 0.07692-30769;
Alt-Arctai-R-Cl5 : constant :=-0.06666-66667;

*I' . •,
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pragma PAGE;
- -Taylor Sine fitnciions

function Sin R 8terni (Input Radians) return Sin Cos Ratio is

Inter Result : Real;
Result : Sin Cos Ratio;
X_Squared : Radians;

begin
X Squared := Input * Input;
Inter Result := ((((((Sin R C15 * X Squared +

Sin R-C13) * X-Squared +
Sin-R-Cll) * X-Squared +
Sin-R-C9) * X Squareu +
Sin RCT) * X-Squared +
SinR-C5) * .Squared +
SinR-C3) * X Squared;

Inter Result := Inter Result-* Real(Input) + Real(Input);
if Inter Result > 1.0-then

inter-Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin CosRatio( Inter Result );
return Result;

end Sin R_8term;

pragna PAGE;
function Sin_R_7term (Input : Radians) return SinCosRatio is

Inter Result : Real;
Resulf : Sin Cos Ratio;
X_Squared : RadTans;

begin
X Squared := Input * Input;
Inter Result := (((((Sin R C13 * X Squared +

Sin"R-C11) * XSquared +
Sin"RC9) * XSquared +
Sin-R-C7) * XSquared +
Sin-R-CS) * X Squared +
Sin-R-C3) * X Squared;

Inter Result := Inter ResulE * Real(Input) + Real(Input);
if Inter Result > 1.0-then

Inter-Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( InterResult );
return Result, -

end Sin_R_7term;

pragma PAGE;
function SinR_6term (Input : Radians) return Sin CosRatio is

. . .
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Inter Result :Real;
Resulf SinCosRatio;
XSquared : Radians;

begin
X_-Squared := Input * Input;
InterResult :. ((((Sin R C1i * X_-Squared +

Sin-R C9) * X Squared +
Sin -R C7) * XSquared +
Sin -R CS) * X Sqme
Sin RC3) * r Squared;

Inter Result :. Inter ResulIt * ReaT(lnput) +Real(Input);
if inter Res-ult > 1.0 then

Inter-kesult :. 1.0;
elsif Iniier Result < -1.0 te

inter Result :* -1.0;
end if;
Result :~Sin Cos Ratio( In1ter ftsult )
return Result;

end Sin R_6term;

pragma PAGE;
function Sin-R-5term (Input :Radians) return Sin-Cos Ratio, is

Inter Resu.lt : Real;
Resul-t t Sin Cos Ratio;

SSquared :Radians;-

begin
X _Squared := Input * Input;
InterResult :. (((SinRC9 * XSquared +

Sin R C7) * X Squared +
Sin R7C0) * X Squared +
Sin7R7C3) * XSquared;

Inter Result :. Inter Res-ult *Real(Input) + Real(Input);
if In-ter Result > 1.Cthen

Inter Result := 1.0;
elsif Inter Result < -1.0 then

InterResult :. -1.0;
end if;
Result := SinCos_-Ratio( InterResult )
return Re~sult,

end SinRSterm;

pragma PAGE;
function SinR_4term (Input : Radians) return SinCos Ratio is

Inter Result : Real;
ResulT : Sin CosRatio;
X-Squared : Radians;

begin
X_-Squared := Input * Input;
InterResult :=((Sin R C7 * XSquared +

Sin R~o) * X_-Squared +
SinRC3) * X_-Squared;

InterResult :=InterRegult * Real(Input) + Real( Input);
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if Inter Result > 1.0 then
InterResult := 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result := Sin Cos Ratio( InterResult );
return Result;

end Sin_R_4term;

pragma PAGE;

Taylor Cosine functions

function CosR_8term (Input : Radians) return SinCosRatio is

Inter Result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Radlans;

begin
if Input > Pi Over 2 then

MelseodInput : Pi-- Input;

Mod Input :- Input;
end ift
X Squared := Mod Input * Mod Input;
Inter Result := -((((((Cos R-C15 * X Squared +

Cos-R-C13) * X-Squared + e
Cos-RC11) * XSquared +
Cos R C9) * X Squared +
Cos-R-C7) * XSquared +
CosRC5) * X Squared +

Cos R C3) * XSquared;
Inter Result := Inter Result-+ 1.0;
if Input > Pi Over 2 Then

InterResult := - Inter-Result;
end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
elsif InCter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin CosRatio( Inter Result );

return Result;
end CosR_8term;

pragua PAGE;
function Cos R 7term (Input : Radians) return Sin Cos Ratio is

Inter Result : Real;
Mod Input : Radians;
Result i Sin Cos Ratio;
XSquared : Radians;

begin
if Input > Pi Over 2 then

Mod_Input T= Pi-- Input;
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else
HodInput := Input;

end if;
XSquared := ModInput * Mod Input;
Inter Result (((((Cos R _C3 * X Squared +

CosRCal) * XSquared +
Cos R7C9) * X Squared +
Cos-R-C7) * X"Squared +
Cos R-CS) * X Squared +
Cos-R-C3) * X-Squared;

Inter Result := Inter Result + 1.0;-
if Input > Pi Over 2 fhen

InterResult :=- InterResult;
end if;
if Inter Result > 1.0 then

Inter_Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( Inter Result );

return Result;
end CosR_7term;

pragna PAGE;
function Cos R 6term (Input : Radians) return Sin Cos Ratio is

Inter Result : Real;
Hod_Iinput : Radians;
Result : Sin Cos Ratio;
X_Squared : Radians;

begin
if Input > Pi Over 2 then

Mod Input -= Pi7- Input;
else

Hod Input := Input;
end if;
X Squared := Mod Input * Ho: Input;
InterResult := -((((Cos R .,i * X Squared +

Cos-R C9) * X Squared +
Cos R C7) * XSquared +
Cos-R-C5) * X_-Squared +
Cos R C3) * X Squar .;Inter Result :=Inter Reiult + L.0T

if Input > Pi Over_2 then
InterResult :=- InterResult;

end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
elsif Inter Result < -1.0 then

InterResult := -1.0;
end if;

Result := SinCosRatio( Inter Result );
return Result;
end CosR_6term;

pragma PAGE;
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function CosR_5term (Input : Radians) return SinCos Ratio is

Inter Result : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Radians;

begin
if Input > PiOver 2 then

Mod Input := Pi - Input;
else

Mod Input := Input;
end if-,
X Squared := ModInput * Mod Input;
Inter-Result := (((Cos R C9 * X Squared +

Cos-RC7) * X-Squared +
CosRC5) * XSquared +
CosR_-C3) * X-Squared;

Inter Result := Inter Result + 1.0;
if Input > Pi Over 2 Then

Inter Result :=-- InterResult;
end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
elsif InTer Result < -1.0 then

Inter Result := -1.0;
'end if;
Result :. Sin Cos Ratio( InterResult );

return Result;
end CosR_5term;

pragma PAGE;
function Cos R 4term (Input : Radians) return SinCosRatio is

Inter Result : Real;
Mod_IInput : Radians;
Result : Sin Cos Ratio;
XSquared : Rad~ansT

begin
if Input > Pi Over 2 then

Mod Input = Pi-- Input;
else

Mod Input := Input;
end if-
XSquared := ModInput * Mod Input;
Inter Result . ((CosR C7 * X Squared +

CosRC5) * X Squared +
CosR7C3) * X Squared;

Inter Result.:= Inter Result + 1.0;
if Input > Pi Over_2 Then

Inter Result := - InterResult;
end if;
if Inter Result > 1.0 then

InterResult := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;

,'I
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end if;
Result := Sin_-Cos_-Ratio( InterResult )

return Result;
end Cos-R4term;

pragma PAGE;
--- Tay~cr Iange'u'funclions

function TanRBterm (Input : Radians) return TanRatio is

InterResult : Real;
Result : Tan Ratio;
X-Squared : Radifans;

begin
XSquared t. Input * Input;
InterResult :. ((%((((Tan_R_C15 * XSquared +

Tan R C13) * X Squared +
Tan7R7hll) * k Squared. +
TanRC9) * X Squared +
Tan-RC7) * X -Squared +
TanRC5) * X Squared +
Tan RC3) * X Squared-,

Result :. Tan Ratio(Inter Result *Reial(Input) + Real(Input));
return Result;

end Tan-RBterm;

bj pragma PAGE;
- -Tuylor arcsine funclions

function ArcsinR-8term (Input :Sin Cos Ratio) return Radians is

InterResult :Real;
Result :Radians;
XSquared :Real;

begin
X Squared := Real(Input * Input);
Iiiter Result := ((((((ArcsinR C15 * XSquared +

Arcsin R7M1) * X Squared +
Arcsin7R7hll) * X Squared +
ArcsiifRC) * X-Squared +
Arcsin7RC7) * X-Squared +
ArcsiifRC5) * kfSquared +
Arcsin7R C3) * XSquared;

Result := Radians(InterResult W Real(Input) + Real(Input));
return Result;

end Arcsin R Bterm;

pragna PAGE;
function ArcsinR-7term (Input :Sin Cos Ratio) return Radians is

Inter Result : Real;
Resulf : Radians;
XSquared : Real;

begin
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X_-Squared :=Real(Input * Input);
InterResult := (((((Arcsin_-R_-C13 * XSquared +

Arcsin -R C11) * XSquared +
Arcsin-RC9) * XSquared +
Arcsin-RC7) * X Squared +
ArcsinR7C5) * X-Squared +
ArcsinIR-C3) * X Squared;

Result := Radians(InterResult * Real(Input) + Real(Input));
return Result;*

end ArcsinR_7term;

pragma PAGE;
function ArcsinR_6term (Input : SinCosRatio) return Radians is

Inter Result : Real;
Result : Radians;
XSquared : Real;

4 begin
X_-Squared :=Real(Input * Input);
InterResult := ((((Arcsin-R-Cli * X Squared +

Arcsin-RC9) * X Squared +
ArcsinRIh7) * XCSquared +
Arcsin R C5) * kfSquared +
ArcsinfR7C3) * X-Squared;

Result :. Radians(InterResUlt * Real(Input) + Real(Input));
return Result;

end Arcsin R 6term;

pragma PAGE;
function Arcsin R5term, (Input :Sin Cos Ratio) return Radians is

Inter Result : Real;
ResulT : Radians;
XSquared : Real;

begin
X_-Squared := Real(Input * Input);
InterResult :. (((Arcsin R C9 * X Squared +

ArcsinRC7) * X Squared +
Arcsin-R7C5) * fCSquared +
ArcsinfR-C3) * X-Squared;

Result :. Radians(Inter Result * ReaI(Input) + Real(Input));
return Result;

end ArcsinR_5term;

pragma PAGE;
--- Taylor arccosine functions

function ArccosR_8term (Input :SinCos Ratio) return Radians is

InterResult : Real;
Result : Radians;
XSquared : Real;

begin
XSquared :=Real(Input *Input);

.... 1 in Ar .L tW ,x. ' OUMAUInkX kv NI ~ %"r - AA AN
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Inter Result ((((((Arcsin R C15 * X Squared +
ArcsinR C13) * X Squared +
ArcsinRCll) * XSquared+
Arcsin-R7C9) * XSquared +
Arcsin R C7) * XSquared +
Arcsin RC5) * X_Squared +

ArcsirJR h) * X Squared;

Result Pi Over_2 -(Radians(iTnterResiilt * Rea~.(Input) +Real(Input)));
end ArccosR_8term;

pragna PAGE;
function Arccos R 7term (Input :Sin Cos-Ratio) return Radians is

Inter Result : Real;
Result : Radians;
X_Squared : Real;

begin
X Squared := Real(Input * Input);
Inter Result :=(((((ArcsinRC13 * X Squared +

ArcsinRCl) * XSquared +
ArcsinR C9) * X Squared +
Arcsin-R C7) * X-Squared +
ArcsinRC5) * X Squared +
Aresin R C3) * X Squared;

Result :- PiOver_2 - (RadiaiisTInter Reisult *Real(Input) + Real(Input)));
return Result;

end ArccosR_7term;

pragua PAGE;
function ArccosR_6term (Input : Sin Cos-Ratio) return Radians is

InterResult : Real;
Result : Radians;
X_Squared : Real;

begin
X__Squared := Real(Input * Input);
InterResult := ((((ArcsinRCli * X Squared +

Arcsin R C9) * X Squared +
ArcsinR7) * X - quared +
ArcsiifRCh5) * X-Squared +
Arcsin RC3) * X Squared;

Result :- Pi IOver_2 - (Radians(Inter R~esult * Real(Input) + Real(Input)));
return Resulf;

end ArccosR_6term;

pragma PAGE;
function ArccosR_5term (Input :SinCosRatio) return Radians is

Inter Result :Real;
Result : Radians;
X_Squared : Real;

~ begin
X_Squared :=Real(Input *Input);
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InterResult := (((Arcsin R C9 * X Squared +
Arcsin-R-C7) * XSquared +
Arcsin7R C5) * X Squared +
ArcsinR7C3) * XSquared;

Result := Pi Over 2 - (Radians(InterResult * Real(Input) + Real(Input)));
return Result;

end Arccos_R_5term;

pragma PAGE;
Taylor Arciangenifiinctions
Used when 11nputI > I

function ArctanR_8term(Input TanRatio) return Radians is

Input_Squared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PlOver_2;
else

Temp t= PiOver2;]
end if;
Inverse :. 1.0 / Input;
Input Squared := Radians(Inverse * Inverse);
Result := Temp + (((((((Arctan R C15 * Input Squared +

ArctanR C13) * InputSquared +
ArctanR7Cll) * InputSquared +
ArctanR7C9) * InputSquared +
Arctan RC7) * InputSquared +
ArctanR-C5) * Input_Squared +
ArctadR-C3) * Input_Squared -
1.0) * Radians(Inverse);

return Result;
end Arctan_R_8term;

pragma PAGE;
function Arctan_R_7term(Input : TanRatio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PI Over_2;
else

Temp := Pi Over_2;
end if;
Inverse := 1.0 / Input;
Input Squared := Radians(Inverse * Inverse);
Result := Temp + ((((((Arctan R C13 * InputSquared +

Arctan7R CI1) * InputSquared +
ArctanR_C9) * InputSquared +

IA AA ?~NTh i~A ~
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Arctan_R C7) * InputSquared +
Arctan R C5) * Input_Squared +
Arctan R-3) * InputSquared -
1.0) * Radians(Inverse);

return Result;
end Arctan_R_7term;

pragma PAGE;
function Arctan_R_6term(Input TanRatio) return Radians is

InputSquared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PI Over_2;
else

Temp := PiOver_2;
end if;
Inverse := 1.0 / Input;
Input Squared := Radians(Inverse * Inverse);
Result := Temp + (((((Arctan R _Cl * Input Squared +

ArctanRC9) * Input_Squared +
ArctanR_C7) * Input-Squared +
ArctanRC5) * Input-Squared +
Arctan R C3) * Input Squared -

1.0) *Riadians(Inverse);
return Result;

end Arctan-R_6term;

pragma PAGE;
function Arctan_R_5term(Input : Tan-Ratio) return Radians is

Input Squared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PI Over_2;
else

Temp := PiOver_2;
en if
Inverse := 1.0 / Input;
Input._Squared := Radians(Inverse * Inverse);
Result := Temp + ((((Arctan_R_C9 * Input Squared +

Arctan R C7) * InputSquared +
Arctan-RC5) * InputSquared +
Arctan R C3) * InputSquared -

1.0) *-Radlans(Inverse);
return Result;

@ end Arctan_R_5term;

pragna PAGE;
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function Arctan_R_4term(Input : TanRatio) return Radians is

Input_Squared : Radians;
Inverse : Tan Ratio;
Result : Radians;
Temp : Radians;

begin
if Input <= 1.0 then

Temp := -PIOver_2;
else

Temp := PiOver_2;
end if;
Inverse := 1.0 / Input;
InputSquared := Radians(Inverse * Inverse);
Result := Temp + (((Arctan R C7 * InputSquared +

Arctan7R C5) * Input Squared +
Arctan"R"C3) * InputSquared -

1.0) *Radians(Inverse);
return Result;

end Arctan_R_4term;

praga PAGE;
.. -- Alternate Taylor Arctangent functions

Used when jlnpul < I

function AltArctan R 8term(Input : Tan Ratio) return Radians is

Input Squared : Tan Ratio;
Inter Result : Tan-Ratio;
ResulT : Radlans;

begin
InputSquared := Input * Input;
InterResult := ((((((AltArctanRC15 * InputSquared +

AltArctanRCl3) * InputSquared +
Alt Arctan R7CIl) * Input-Squared +
Alt-ArctanRC9) * InputSquared +
AltCArctan RC7) * Input-Squared +
Alt Arctan R-C5) * Input-Squared +
Alt CArctanRC3) * Input Squared;

Result := Radians(Inter_Result *-Input + Input);
return Result;

end AltArctanR_8term;

pragma PAGE;
function AltArctan_R_7term(Input : Tan Ratio) return Radians is

Input Squared : Tan Ratio;
Inter Result : Tan-Ratio;
Result : Radians;

begin
Input Squared := Input * Input;
Inter-Result := (((((AltAretan R C13 * InputSquared +

AltArctanR_-C) * Input-Squared +
AltArctanRC9) * InputSquared +

AlrBaR) * nuNqae
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Alt Arctan R C7) * Input Squared +
Alt Arctan-R-C5) * Input_Squared +
Alt ArctanRC3) * Input_Squared;

Result := Radians(InterResult * Input + Input);
return Result;

end AltArctanR_7term;

pragma PAGE;
function AltArctan_R_6term(Input : Tan-Ratio) return Radians is

Input_Squared : Tan Ratio;
Inter Result : TanRatio;
Result : Radians;

begin
InputSquared := Input * Input;
InterResult := ((((AltArctan R CI1 * Input_Squared +

Alt-Arctan-R-C9) * Input_Squared +
Alt-Arctan-R-C7) * Input_Squared +
Alt-ArctanR-C5) * Input_Squared +
Alt Arctan-RC3) * InputSquared;

Result := Radians(Inter Result *-Input + Input);
return Result;

end AltAretanR_6term;

pragma PAGE;
function AltArctan_R_Sterm(Input : Tan Ratio) return Radians is

Input_Squared : Tan Ratio;
Inter Result : Tan Ratio;
Result : Radians;

begin
InputSquared := Input * Input;
InterResult := (((Alt Arctan R C9 * InputSquared +

Alt-Arctan-RC7) * InputSquared +
Alt-Arctan-RC5) * Input-Squared +
AltArctanR-C3) * InputSquared;

Result := Radians(InterResult W Input + Input);
return Result;

end AltArctanR_5term;

pragna PAGE;
function AltArctan_R_4term(Input : Tan-Ratio) return Radians is

Input_Squared : Tan Ratio;
Inter Result : Tan Ratio;
Result :.Radlans;

begin
InputSquared := Input * Input;
Inter Result := ((Alt Arctan R C7 * Input_Squared +

Alt Arctan_R_C5) * Input_Squared +
Alt Arctan R C3) * InputSquared;

Result := Radians(InterResult-* Input + Input);
return Result;

end AltArctan_R_4term;
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pragma, PAGE;
---- Modified Taylor Sine fitnctions

function ModSinR_8term(Input :Radians) return SinCosRatio is

InterResult 0 : Real;
Inter -Result_1 :Real;
Result : Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >= Pi_-Over 4 then

Inter_-Result_0 := ReaI(Pi Over 2 - abs(Input));
X__Squared := InterResultO0 * inter Result_0;
InterResult_1 :=(((((CosRC15 X Squared +

Cos-RRC13) X _Squared +
Cos -RCli) * xSquared +
Cos-RC9) * _Squared +
Cos-RC7) * XSquared +
Cos-RC5) *XSquared +
Cos RC3) X XSquared;

InterResult 1 :=Inter Res-ult_1 + 1.0;
if Input <=: Pi -OverI-then

Inter ResultI = InterResult_1;
end if;

else
*X Squared :=Input *Input;0
InterResult_1 :. ((((((Sin -R C15 * XSquared +

Sin -RC13) * KSquared +
Sin_-R7C11) * XSquared +
Sin RC9) * )_Squared +
SinR_-C7) * X Squared +
Sin7RC5) * XSquared +
sin R C3) * X Squared;

Inter_-Result_1 := Inter Result_1 * ReaI(Input) + Real(Input);
end if;
if Inter Result_1 > 1.0 then

InterResult 1 := 1.0;
elsif Inter Result_1 < -1.0 then

InterResult_1 := -1.0;
end if;
Result := Sin-CosRatio( InterResult_1 )
return Result,

end ModSinR_8term;

pragma PAGE;
function ModSinR_7term (Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter-Resultl1 : Real;
Resulf Sin CosRatio;
K_Squared : Real;

begin
if abs(Input) >= Pi_-Over 4 then

InterResult 0 := ReaI(PiOver 2 -abs(Input));
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X -Squared :=InterResult 0 * Inter Result 0;
InterResult_1 :=(((((Cci_ RC13 * XSquared +

Cos R C11) * X Squared +
Cos-RC9) * XSquared +
Cos-RC7) * XSquared +
Cos RC5) * XSquared +
Cos-RC3) * XSquared;

Inter_-Result 1 :~Inter -Result_-1 + 1.0;
if input <= Pi -Over_4fthen

Inter_-Result_1 = InterResult_1;
end if;I

else
X -Squared := Input *Input;
InterResult_1 := (((((Sin R. C13 * XSquared +

-Sin7R7C11) * XSquared +
SinRC9) * XSquared +
SinRkC7) * kSquared +
Sin7R C5) * KSquared +
Sin RC3) * X -Squared;

InterResult_1 := InterResult 1 *Real(Input) + Real(Input);
end if;
if InterResult 1 > 1.0 then

Inter Result 1 :-. 1.0;
elsif In~erResUlt 1 < -1.0 then

Inter_-Result_1 T. -1.0;
end if;
Result :. SinCosRatio( InterResult_1 )

47 return Result;
end ModSinR_7term;

pragma PAGE;
function ModSinR_6term (Input : Radians) return SinCosRatio is

Inter Result_0 : Real;
Inter-Result_1 : Real;
Resulf : Sin Cos Ratio;
XSquared : Real; -

begin
if abs(Input) >= Pi_-Over 4 then

InterResult_0 := ReaI(Pi Over 2 - abs(Input));
K_Squared :=m Inter Result 0 * Inter Result 0;
InterResult_1 := (((Cos-RCll * -Squaried +

Cos -R C9) X KSquared +
Cos RC7) *kSquared +
Cos R7C5) * KSquared +
Cos RC3) * Squared;

InterResult 1 :=Inter Res-ult_1 + 1.0;
if Inpt <=- Pi -overIjthen

Inter_-ResultI = InterResult_1;
end if;

else
K_-Squared := Input *Input;
InterResult_1 := ((((Sin_-RCli * XSquared +

Sin -R C9) * X S9quared +
sin-RC7) * X-Squared +
Sin-RC5) * kSquared +
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Sin R C3) * X Squared;
Inter Result 1 := InterResult 1 * Real(Input) + Real(Input);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif InCter Result 1 < -1.0 then

Inter Result_1 -= -1.0;
end if;
Result := Sin Cos Ratio( inter Result_1 );
return Result;

end ModSinR_6term;

pragua PAGE;
function ModSin_R_5term (Input : Radians) return Sin Cos-Ratio is

Inter Result 0 : Real;
InterResult-1 : Real;
Resul t : Sin Cos Ratio;
XSquared : Real;

begin
if abs(Input) >= Pi Over 4 then

Inter Result 0 := ReaI(Pi Over 2 - abs(Input));
X Squared :ffiInter Result-0 * Inter Result 0;
Inter Result_1 :T Z((Cos _C9 * X Squared-+

Cos-R C7) * XSquared +
Cos R-C5) * XSquared +
CosR C3) * X Squared; e

Inter Result 1 := Inter Result 1 +-1.0;
if Input <. Pi Over 4-then

Inter Result I := - Inter Result 1;
end if;

else
X Squared := Input * Input;
InterResult_1-.= (((Sin R C9 * X Squared +

Sin R C7) * X Squared +
Sin 5C) * X Squared +
SinR_C3) * XSquared;

InterResult 1 := InterResult 1 * Real(Input) + Real(Input);
end if;
if Inter Result 1 > 1.0 then

Inter-Result 1 := 1.0;
elsif InCter Result 1 < -1.0 then

Inter Result 1= -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result-

end Mod Sin R 5term;

pragma PAGE;
function Mod Sin R 4term (Input :Radians) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter-Result-l : Real;
ResulE : Sin Cos Ratio;
XSquared : Real;

-- - - - - - - - - - - - - - -
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beginIneeut : Re(iOvr2-asIpt)
if abs(Input) >= Pi -Over 4 then

_Surd:Ine Result_0 * Inter Result_0;
InterResult_1 := (Cos R7C7 * X Sjuared+

Cos-RC5) * X Squared +
Cos RC3) * X-Squared;

InterResult 1 InterResult_1 -+1.0;
if Input <= Pi Over_4 then

Inter ResultI = InterResult_1;
end if;

else
XSquared := Input *Input;

IniterResult_1 :- ((Sin R C7 * X Squared +
Sin RC5) * X-Squared +
SinRIC3) * X-Squared;

InterResult_1 :. InteCrhisulti 1 Real(Input) + Real(Input);
end if;
if InterResult_1 > 1.0 then

InterResult 1 := 1.0;
elsif Inter Result_1 < -1.0 then

InterResult_1 T. -1.0;
end if;
Result :=Sin Cos Ratio( InterResult_1 )
return Result;

end HodSinR_4term;

pragma PAGE;
--- Modified Taylor oieucon

function HodCosRBterm(Input :Radians) return Sin-Cos Ratio is

Inter Result 0 : Real;
Inter Result_1 : Real;
Mod Iiiput : Radians;
Result : Sin CosRatio;
XSquared : ReaI;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 *Pi Over_4) then

if Input > PT Ovei: 2 then

Mod-Input i=Pi - Input;
else

Hod_Input :~Input;
end if;
X Squared :. Hod Input * Hod Input;
InterResult_1 :;. ((((((CosR C15 * XSquared +

CosR C13) * X Squared +
CosR7Cli) * XSquared +
CosR C9) * X _Squared +
Cos -R C7) * KSquared +
CosR7C5) * X Squared +
Cos-R7h3) * kSquared;

Inter Result 1 := Inter Regult_1 + 1.0
if Input > PT Over 2 then-

Inter Result_1 :=-InterResult_1;

@1 end if;
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else
Inter Result 0 := Real(Pi Over 2 - Input);
X Squared :=-Inter Result 0 * Inter Result 0;
InterResult_1 := ((((((STn R C15 * XSquared +

Sin-R-C13) * X_-Squared +
Sin-RC1l) * XSquared +
Sin-R-C9) * XSquared +
SinR-C7) * X-Squared +
Sin-R-C) * X_-Squared +
SinR _C3) * X Squared;

InterResult_1 := InterResult_1 * InterResult_0 + Inter Result_0;
end if;
if Inter Result 1 > 1.0 then

Inter-Result 1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result_1 T= -1.0;
end if;
Result := Sin-CosRatio( Inter Result_1 );
return Result;

end ModCosR_8term;

pragma PAGE;
function ModCos_R_7term(Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * PiOver 4) then

if Input > PTOve7r2 then
Mod Input := Pi - Input;

elseMod Input := Input;

end 16,
X_Squared := Mod Input * Mod-Input;
Inter Result_1 := (((((CosR C13 * X Squared +

Cos R-C11) * X-Squared +
Cos-R-C9) * X Squared +
Cos-R-C7) * X Squared +
Cos-R-C5) * X-Squared +
Cos-R-C3) * X-Squared;

Inter Result 1 := Inter Result 1 + T.0
if Input > PT Over_2 then
-Inter_ Result - InterResult_l;~end if;

else
Inter Result 0 := Real(PiOver 2 - Input);
X Squared :=-Inter Result 0 * Inter Result 0;
Inter Result 1 := (((((Sin R C13 *-X Squared +

- Sin-R-Cll) * XSquared +
Sin-R-C9) * X Squared +
Sin-R-C7) * XSquared +
Sin-RC5) * XSquared +
SinR_C3) * X_Squared;
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InterResult-1 :. InterResult 1* InterResult_0 + InterResult_0;
end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result_1 < -1.0 then

Inter Result 1 - -1.0;
end if;
Result := Sin CosRatio( InterResult_1 );
return Result;

end ModCosR_7 term;

pragma PAGE;
function HodCosR_6term(Input : Radians) return SinCos Ratio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Hod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * Pi Over_4) then

if Input > PT Over 2 then
ModInput : Pi-. Input;

else
Mod Input := Input;

end if;
X Squared :- ModInput * Mod Input;
Inter Result_1 := ((((Cos R '11 * X Squared +

Cos-RC9)* XSquared +
Cos-R-C7) * XSquared +
CosR_-C5) * XSquared +
Cos R C3) * XSquared;

Inter Result 1 : Inter Result_1 +-1.0 ;
if Input > PT Over 2 then

InterResult_1 -= - InterResult_l;
end if;

else
Inter Result 0 :. Real(Pi Over 2 - Input);
X Squared := Inter Result-0 * Ynter Result 0;
Inter Result1 := T(((Sin-kRCli * XSquared +

Sin R C9) * X Squared +
Sin-RC7) * X Squared +
Sin-R-C5) * X Squared +Sin-RC3) * X Squared;

InterResult_1 := InterResult_1 * InterResult_0 + InterResult_0;
end if;
if Inter Result 1 > 1.0 then

Inter-Result-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result 1 -= -1.0;
end if;
Result := Sin CosRatio( Inter Result_1 );
return Result;

end HodCos_R_6term;

pragma PAGE;
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function HodCosR_5term.(Input : Radians) return Sin Cos Ratio is

Inter Result 0 : Real;
Inter-Result-1 : Real;
Mod Input : Radians;
Result : Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * Pi Over_4) then

if Input > PT OveF 2 then
HodInput "= Pi-- Input;

else
Mod Input := Input;end i£C

X_Squared := Hod Input * Mod Input;
Inter Result_1 :j (((Cos R C' * X Squared +

Cos R-C7) * X-Squared +
Cos-R-C5) * X-Squared +
Cos R C3) * XSquared;

Inter Result I := Inter-Result_1 T 1.0
if Input > PT Over 2 then

Inter Result 1 T - InterResult_l;
end if;

else
Inter Result 0 := Real(Pi Over 2 - Input);
XSquared :--Inter'Result-0 * Inter Result 0;
InterResult_1 := T((Sin W C9 * X Squared-+ e

SinR-C7) * X-Squared +
SinR-C5) * X-Squared +
Sin-R-C3) * X-Squared;

Inter Result_1 := InterResult 1 *-Inter Result_0 + InterResult_0;
end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Reiult_1 .- -1.0;
end if; -
Result := SinCos Ratio( Inter Result_1 );
return Result;

end ModCosR_5term;

pragua PAGE;
function HodCos_R_4term(Input : Radians) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result-I : Real;
Mod_IInput : Radians;
Result : Sin Cos Ratio;
X Squared : Rea;

begin
if (Input <= Pi Over 4) or (Input >= 3.0 * Pi Over_4) then

if Input > PT Over_2 then
Mod Input := Pi - Input;

else
Mod_Input := Input;



CAMP Software Detailed Design Document Page 1673

end if;
X_-Squared H= od_-Input * Mod-Input;
Inter 1Result_1 :=((Cos R C7 * X Squared +

Cos-RC5) * X Squared +
Cos RC3) * XSquared;

Inter -Result 1 I= Inter Result_1-+ 1.0
if Input > Pl' Over 2 theii

Inter_-Result_1 :=-InterResult_1;
end if;

else
InterResult_0 :. Real(Pi Over 2 - Input);
X Squared := -InterResulCO0 * Inter Result 0;
Inter-Result_1 := (Sin -R7C7 * X S-quared -

Sin-RC5) * X Squared +
Sin RC3) * X-Squared;

InterResult_1 :=InterResultl 1W InterResult 0 + InterResult_0;
end if;
if InterResult_1 > 1.0 then

Inter Result 1 ?-- 1.0;
elsif In-forResult_1 < -1.0 then

inter_-Result_1 := -1.0;
end if;
Result :. SinCos Ratio( InterResult_1 )
return Result;

end Hod CosR_4term;

pragma PAGE;
--- Modified Taylor tangent functions

function ModTanR-8term (Input : Radians) return TanRatio is
begin

return TanRatio(Sin R8term(Input))/
Tan Ratio(CosR. A8term(Input));

end ModTanR78term;

* pragma PAGE;
function ModTanR_7term (input : 1badiansy return Tan-Ratio is
begin

return Tan Ratio(Sin R7term(Input))/
TaRatio(CosR7teri(Input));

end Mod TanR77term;

pragma PAGE;
function ModTanR_6tern (Input : Radians) return Tan-Ratio is
begin

return TanRatio(SinR_6teri(Input))/
Tan Ratio(CosR_6term(Input));

end ModTanR76term;

pragna PAGE;
fuanction ModTanR_5term (Input : Radians) return TanRatio Is
begin

return Tan_-Ratio(SinR_5term(Input))/
TanRatio(CosR_5term(Input));

end ModTanR-5term;

pragma PAGE;
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function ModTanR_4term (Input : Radians) return Tan Ratio is
begin

return Tan Ratio(SinR _4term(Input)) /
Tan Ratio(CosR_4term(Input));end ModTanR-4 term;

end TaylorRadian_0perations;

e

*1
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separate (Polynomials.Taylor Series)
package body TaylorDegreeOperations is

The Sine constants are used in the Taylor operations for computing
-- the sine. The Cosine constants are used in computing cosines. In
-- the Mo.'ifted Taylor operations, however. both sets of constants are
-- used. They are named to correspond to the power of X (Input) with
-- which they are termed.

Sin D C1 : constant := 1.74532 92e-02;
Sin D-C3 : constant -8.86096-158e-07;
Sin-C5 : constant := 1.34960-162e-11;
Sin-DC7 : constant := -9.78838-484e-17;
Sin-D-C9 : constant := 4.14126-699e-22;
Sin-D-C11 : constant :=-1.14680-931e-27;
Sin--C13 : constant := 2.23780-628e-33;
SinDC15 : constant :ff-3.13088-457e-39;

Cos D CO : constant := 1.74532 92e-02;
Cos-DC2 : constant :=-1.52308-710e-04;
Cos-DC4 : constant := 3.86632-386e-09;
Cos-D-C6 : constant :=-3.92583-199e-14;
Cos-D-C8 : constant := 2.135497430e-19;
Cos-D-C1O : constant :=-7.22787-516e-25;
Cos-DC12 : constant :- 1.66798-234e-30;
Cos-_-C14 : constant :- -2.79173-888e-36;

Tan D Cl : constant := 1.74532 92e-02;
Tan-D-C3 : constant := 1.77219-231e-06;
Tan--C5 : constant := 2.15936-259e-10;
Tan-D-C7 : constant := 2.66244-068e-14;
Tan-D-C9 : constant := 3.28653-633e-18;
Tan-D-Cll : constant :f 4.05735-804e-22;
Tan-D-C13 : constant := 5.00907-561e-26;
Tan-D-C15 : constant := 6.184047282e-30;

pragma PAGE;
Taylor Sine functions

function SinD_8term (Input : Degrees) return Sin CosRatio is

Inter Result : Real;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
X_Squared := Input * Input;
InterResult := ((((((Sin D C15 * X Squared +

Sin-D-C13) * X-Squared +
Sin D-C11) * X Squared +
Sin DC9) * XSquared +
Sin-D-C7) * XSquared +
Sin-D-C5) * X Squared +
Sin D-C3) * X Squared;

InterResult Inter Result-* Real(Input) +
(Degrees(Siii D Cl) * Input);

if Inter Result > 1.0 Then
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Inter Result := 1.0;
elsif InTer Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin-CosRatio( InterResult );
return Result;

end Sin_D_8term;

pragma PAGE;
function SinD 7term (Input : Degrees) return Sin_CosRatio is

Inter Result : Real;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
XSquared := Input * Input;
InterResult := (((((Sin D C13 * XSquared +

Sin-D-Cli) * X Squared +
Sin D-C9) * X-Squared +
Sin D-C7) * X-Squared +
Sin-D-CS) * X-Squared +
Sin-D-C3) * X Squared;

Inter Result := Inter Resul-t * Real(Input) +
(Degrees(Sin D Cl) * Input);

if Infer Result > 1.0 then
InterResult := 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result := Sin CosRatio( Inter Result );
return ResultT

end Sin_D_7term;

pragma PAGE;
function Sin D 6term (Input : Degrees) return Sin Cos Ratio is

Inter Result : Real;
ResulT : Sin Cos Ratio;
XSquared : Real;

begin
X Squared := Input * Input;
InterResult := ((((Sin D Cl * X Squared +

SinD-C9) * X-Squared +
Sin-DC7) * X-Squared +
Sin D-CS) * X_-Squared +
Sin-D-C3) * X Squared;

Inter Result := Inter Result * reaI(Input) +
(Degrees(Sin D Cl) k input);

if Inter Result > 1.0 hen
InterResult := 1.0;

elsif Inter Result < -1.0 then
InterResult := -1.0;

end if;
Result := Sin CosRatio( Inter Result );
return Result,
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end Sin_D_6term;

pragma PAGE;
function SinD_5term (Input : Degrees) return SinCos Ratio is

Inter Result : Real;
Result : Sin Cos Ratio;
X_Squared : Real;

begin
XSquared := Input * Input;
InterResult := (((Sin D C9 * X Squared +

Sin- D C7) * XSquared +
Sin D-C5) * XSquared +
Sin-D-C3) * XSquared;

Inter-Result := Inter Result * Real(Input) +
(Degrees(Sin D Cl) * Input);

if Inter Result > 1.0 then
InterResult := 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result :- Sin CosRatio( InterResult );
return Result;

end Sin_D_5term;

S pragna PAGE;
function SinD4term (Input : Degrees) return SinCosRatio is

Inter Result : Real;
Result : Sin Cos Ratio;
XSquared : Real;

begin
XSquared := Input * Input;
Inter Result := ((Sin D C7 * X Squared +

SinD-C5) * XSquared +
Sin-DC3) * X-Squared;

Inter Result := Inter Result * R eal(Input) +
(Degrees(Sin D Cl) * input);

if In-ter Result > 1.0 ihen
Inter Result :. 1.0;

elsif Inter Result < -1.0 then
Inter Result := -1.0;

end if;
Result :- Sin-CosRatio( InterResult );
return Result-

end Sin_D_4term;

pragma PAGE;
Taylor Cosine functions

function Cos D 8term (Input : Degrees) return Sin Cos Ratio is

Inter Result : Real;
Mod_Input : Degrees;
Result : SinCosRatio;
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X Squared : Degrees;

begin
if Input > 90.0 then

ModInput := 180.0 - Input;
else

Mod Input Input;
end ii
X Squared := ModInput * Mod Input;
InterResult := ((((((Cos DC14 * XSquared +

Cos-D-C12) * X Squared +
Cos-D-C10) * XSquared +
CosDC8) * X Squared +
CosDC6) * XSquared +
Cos D7C4) * X Squared +
Cos D-C2) * XSquared;

Inter Result := InterResult'-+ 1.0;
if Input > 90.0 then

Inter Result := - InterResult;
end if;
if Inter Result > 1.0 then

InterResult := 1.0;
elsif Inter Result < -1.0 then

Inter Result :. -1.0;
end if;
Result := Sin-CosRatio( Inter-Result );
return Result-,

end Cos_D_8term;

pragna PAGE;
function Cos D 7term (Input : Degrees) return SinCos Ratio is

Inter Result : Real;
ModInput : Degrees;
Result : Sin CosRatio;
XSquared : Deg-.ees;

begin
if Input > 90.0 then

Mod Input := 180.0 - Input;
else

Mod Input := Input;
end if;
X_Squared := Mod Input * Mod Input;
Inter Result := (((((CosD _12 * X Squared +

Cos D C10) * X Squared +
Cos-D-C8) * X Squared +
Cos-D-C6) * XSquared +
Cos-D-C4) * XSquared +
Cos D C2) * KSquared;

Inter Result := InterResult + 1.0;
if Input > 90.0 then

Inter Result := - Inter Result;
end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
el3if Inter Result < -1.0 then
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InterResult := -1.0;
end if;
Result := SinCos Ratio( InterResult );
return Result;

end Cos_D_7term;

pragma PAGE;
function CosD_6term (Input : Degrees) return SinCosRatio is

Inter Result : Real;
ModInput : Degrees;
Result : Sin Cos Ratio;
X_Squared : Degrees,

begin
if Input > 90.0 then

Mod Input := 180.0 - Input;
else

ModInput := Input;
end if;
X Squared := Mod Input * Mod Input;
InterResult := ((((Cos D CO * X Squared +

Cos-DC8) *X Squared +
Cos-D-C6) * X Squared 4.
Cos-D-C4) * XSquared +
Cos-D-C2) * X Squared;

Inter Result := Inter Result + 1.0;
if Input > 90.0 then-

InterResult := - InterResult;
end if;
if Inter Result > 1.0 then

InterResult := 1.0;
elsif InTer Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin-CosRatio( Inter Result );
return Result;

end Cos_D_6term;

pragma PAGE;
function CosD_5term (Input : Degrees) return Sin Cos Ratio is

Inter Result : Real;
Mod Input : Degrees;
Result : Sin CosRatio;
X_Squared : Degrees;

begin
if Input > 90.0 then

ModInput := 180.0 - Input;
else

Mod Input := Input;
end if;
X Squared := ModInput * Mod Input;
InterResult := (((Cos D C8 * X Squared +

Cos-D"C6) * X-Squared +
Cos-D-C4) * XSquared +
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Cos D C2) * X Squared;
Inter Result := InterResult + 1.0;
if Input > 90.0 then

Inter Result := - InterResult;
end if;
if Inter Result > 1.0 then

InterResult := 1.0;
h elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result :. Sin-CosRatio( InterResult );
return Result;

end CosD_5term;

pragma PAGE;
function CosD_4term (Input : Degrees) return SinCosRatio is

Inter Result : Real;
Mod-Input Degrees;
Result : SinCosRatio;
XSquared : Degrees;

begin
if Input > 90.0 then

ModInput := 180.0 - Input;
else

Mod Input := Input;
end if,
X Squared := Mod Input * Mod Input;
InterResult :- ((Cos DC6 * XSquared +

Cos D7C4) * XSquared +
Cos-D-C2) * X-Squared;

Inter Result := InterResult + 1.0;
if Input > 90.0 then

InterResult := - InterResult;
end if;
if Inter Result > 1.0 then

Inter-Result := 1.0;
elsif Inter Result < -1.0 then

Inter Result := -1.0;
end if;
Result := Sin Cos Ratio( Inter Result );
return Result-

end Cos_D_4term;

pragma PAGE;

- Taylor Tangent fuctions

function Tan_D_8term (Input : Degrees) return TanRatio is

Inter Result : Real;
Result : Tan Ratio;

1 X_Squared : ReaI;

begin
XSquared := Input * Input;
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Inter Result :=((((((Tan D C15 * X Squared +
Tan DC13) * X-Squared +
TanD C11) * X_ Squared +
Tan D C9) * X Squared +

TaCDC7) * X-Squared +
Tan DC5) * X Squared +
TanDbC3) * X-Squared;

Result TanRatio(Inter Re-sult) * TanRatio(Input) +
Tan Ratio(InputT TanDCl;

return Result,
end TanD_8term;

pragma PAGE;

--- Modified Taylor Sine functions

function ModSinD_8term(Input :Degrees) return SinCosRatio is

InterResult_0 : Real;
Inter Result_1 : Real;
Result : Sin CosRatio;
XSquared : ReaI;

begin
if abs(Input) >. 45.0 then

InterResult 0 :. Real(90.0 -abs(Input));

X Squared :=-Inter Result 0 *InterResult 0;
InterResult_1 := (((((CrosD C14 W X Squared +

Cos -D -C12) * XSquared +
Cos D C10) * X Squared +
Cos DC8) * X Squared +
CosD7C6) * X Squared +
CosD7C4) * X Squared +
Cos DC2) * X Squared;

Inter_-Result 1 :=Inter -Result_1 + 1. 0;
if Input <= 45.0 then

Inter_-Result_1 :=-InterResult_1;
end if;

else
X Squared := Input *Input;
InterResult_1 :=((((((Sin D C15 * X Squared +

Sin7DC13) * XSquared +g
SinD7cli) * X Squared +
SinDCC9) * XSquared +
SinD7C7) * X Squared +
SinD-C5) * X -Squared +
SinD7C3) * X Squared;

InterResult 1 :=Inter Resuii- 1 * ReaI(Input) +
(Degrees(SinDCT) * Input);

end if;
if InterResult_1 >1.0 then

Inter Result 1 := 1.0;
elsif InterResult_1 < -1.0 then

InterResult1: -1.0;
end if;
Result := Sin Cos_-Ratio( InterResult_1);
return Result,
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end ModSinD_8term;

pragma PAGE;
function Mod Sin D_7 term (Input :Degrees) return Sin Cos-Ratio is

Inter Result 0 : Real;
Inter Result_1 : Real;
Result :Sin CosRatio;
XSquared :Real;

begin
if abs(Input) >. 45.0 then

InterResult 0 :. Real(90.0 -abs(Input));

X__Squared := -Inter Result 0 *Inter Result 0;
InterResult-1 T= ?(((CoiDC12 *XSquaied +

Cos D C10) * X Squared +
CosDC8) * XSquared +
Cos DC6) * XSquared +
Cos D7C4) * X-Squared +
Cos DC2) * X Squared;

A InterResult 1 :=Inter Result_1 + 16
iInpu <: 45.0 then-
InterResuilt_1 :=-InterResult 1;

end if;
else

X_-Squared := Input *Input;
InterResult_1 :. (((((Sin DC13 * X-Squared +

Sin D7Cli) * X Squared +
SiCDC9) * X-Squared +
Sin DC7) * X Squared +
Sin D:C5) * X-Squared +
Sin-D C3) * X Squared;

InterResult 1 := Inter Result_1 *Reial(Input) +
(Degrees(SinDC1) * Input);

end if;
if Inter Result_1 > 1.0 then

Inter"'Result 1 := 1.0;
elsif In-terResult_1 < -1.0 then

Inter_-Result 1 :. -1.0;
end if;
Result :. Sin-Cos_-Ratio( Inter-Result_1 )
return Result;- -

end HodSinD_7term;

pragma PAGE;
function Mod Sin D_6term (Input : Degrees) return SinCosRatio, is

InterResult 0 : Real;
Inter Result-l : Real;
Result : SinCosRatio;
XSquared : Real;

begin
if abs(Input) >. 45.0 then

Inter_-Result 0 :. Real(90.0 -abs(Input));

XSquared := InterResult 0 Inter Result_0;
InterResult_1 := ((((Cos-hD-CO * X Squared +
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Cos D C8) * X Squared +
Cos-DC6) * X-Squared +
Cos-DC4) * kCSquared +
CosDC2) * X-Squared;

Inter_-Result 1 := Inter Res-ultI + 1.0;
if Input <= 45.0 then

Inter_-Result 1 :=-InterResult_1;
end if;

else
X_-Squared := Input *Input;
InterResult_1 :.. ((((SinDCl1 X XSquared +

Sin D C9) *X Squared +
SinDCC7) * )Squared +
Sin DC5) * XSquared +
Sin7hfC3) * XSquared;

InterResult_-1 :. Inter 'Reult 1 * eal(Input) +
(Degrees(Sin-DCT) * Input);

end if;
if InterResult 1 > 1.0 then

InterResult 1 := 1.0;
elsif Inter_-Result 1 < -1.0 then

Inter -Result_1 -.. -1.0;
end if;
Result :. SinCos_-Ratio( Inter Result 1 )
return Result;

end Mod Sin-D-6term;

(~ pragma PAGE;
function ModSinDSterm (Input : Degrees) return Sin .Cos Ratio is

Inter Result 0 : Real;
Inter-Result-l : Real;
Result -: Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >= 45.0 then

Inter_-Result_0 :. Real(90.0 -abs(Input));

X_-Squared :=7Inter Result 0 *Inter Result 0;
InterResult_1 T=?((Cos - C8 * X ,!qOuarecf+

Cos DC6) * fXSquared +
Cos7DhC4) * X-Squared +
Cos DhC2) * X-Squared;

Inter Result 1 :=Inter Result_1 +-1.0;
if Input <. ::45.0 then7

Inter Result_1 :=-Inter Result 1;
end if;- -

else
X_Slquared := Input *Input;
InterResult_1 := (((Sin D C9 * X Squared +

Sin D-C7) * X-Squared +
Si D7C5) * X-Squared +i
Sin D-C3) * X-Squared;

Inter-Result_-1 := Inter Re-sult 1 *Theal(Input) +

edi;(Degrees(Sin-D C) *nu)

if Inter Result_1 > 1.0 then
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InterResult 1 :=1.0;
elsif Inter Result 1 < -1.0 then

Inter_-Re~sult_1 -1.0;
end if;
Result :=Sin CosRatio( Inter Result 1 )
return Result,

end Mod SinDSterm;

pragma PAGE;
function ModSinD_4term (Input :Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result_1 : Real;
ResulEt : Sin CosRatio;
XSquared : Real;

begin
if abs(Input) >. 45.0 then

InterResult_0 := Real(90.0 -abs(Input));

X_-Squared := InterResult_0* InterResult_0;
InterResult_1 := ((Cos D C6 * X Squared +I

Cos DC4) * XSquared +
Cos DC2) * XSquared;

InterResult 1 := InterResult 1 + 1.0;
if Input <- : 45.0 then-

Inter_-Result 1 :=-InterResult_1;
end if;

else
X_Squared :. Input *Input;
InterResult_1 :=((Sin D C7 * X Squared +

Sin D C5) * XCSquared +
SinfD7C3) * X-hquared;

InterResult_-1 :=Inter Result 1 W Real(Input) +

end if; (Degrees(Sin D-Cf) * Input);
if Inter Result 1 > 1.0 then.

Inter ResultlI := 1.0;
elsif Infer Resilt_1 < -1.0 then

Inter_-Result_1 :. -1.0;
end if;
Result :. Sin Cos Ratio( InterResult_1 )
return Result,

end Mod SinD_4term;

prgaPAGE;
--- Modified Taylor Cosine functions

function ModCosD8term(Input :Degrees) return SinCosRatio is

Ine Reul 0_ el

InterResult_0 : Real;
Mod_Input : Degrees;
Result : Sin CosRatio;

XSquared : Real;I. begin
if (Input <= 45.0) or (Input >. 135.0) then
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if Input > 90.0 then
Mod_Input 180.0 - Input;

else
HodInput :=Input;

end if;-
XSquared :=Mod_Input * Hod_Input;
InterResult_1 : ((((((CosDC14 * XSquared +

Cos DC12) * XSquared +
Cos EC1O) * XSquared +
Cos D_-C) * Xquared +
CosDC6) * XSquared +
Cos7DC4) * XSquared +
CosD C2) * X Squared;

Inter Result 1 :~InterResult 1 + 1.0;
if Input > 90.0 then

InterResult_1 :=-InterResult_1;
end if;

else
InterResult_0 :=Real(90.0 -Input);

XSquared :=InterResult_0 *InterResult_0;
InterResult_1 := (((((Sin DC15 XSquared +

SinD CC13) 'XSquared +
SinD -C11) f XSquared +
SinD -C9) * _Squared +
SiziFD7C7) * XSquared +
SiifC5) *X Squared +
Sin D C3) It-Squared;

InterResult 1':= Inter Result 1 *InterResult 0 +
(Sins_5Cl *InterResult_0);

end if;
if InterResult_1 > 1.0 then

InterResult 1 :. 1.0;
elsif Inter Resuilt 1 < -1.0 then

InterResult 1 --= -1.0;
end if;
Result :=Sin CosRatio( InterResult_1 )
return Result7

end ModCosD_8term;

pragma PAGE;
function ModCosD 7term(Input :Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Result_1 : Real;
Mod_-Iniput : Degrees;
Result : Sin CosRatio;
X__Squared : Real;

begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
Mod_Input :=180.0 - Input;

else
Mod input :=Input;

end if;
X_-Squared := ModInput * ModIngut;.
InterResult 1 :=(((((CosD_-C2 * _Squared +
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Cos D C10) *X Squared +
CosDC8) * X quared +
CosDC6) *X Squared +
CosDC4) * C(Squared +
Cos DC2) * Xquared;

InterResult_1 : InterResult_1 + ".0
if Input > 90.0 then

Inter_-Result_1 :=-InterResult_1;
end if;

else
InterResult_0 :=Real(90.0 -Input);

X_-Squared := _InterResult 0 *Inter Result 0;
InterResult_1 := ((((Siji_0_DC13 * XSquared +

Sin 0 Cli) * XSquared +
Sin76DC9) * X quared +
Sin76DC7) *X Squared +
SinihYC5) * XSquared +
Sin DC3) * XSquared;

Inter-Result 1 :=Inter Result 1 *IjiterResult_0 +
-(SinU Cl * Inter_Result_0);

end if;
if Inter Result 1 > 1.0 then

Inter Result 1 :. 1.0;
elsif InTer Resuilt 1 < -1.0 then

Inter_-Riult_1 -. -1.0;
end if;
Result := SinCosRatio( InterResult_1 )
return Result;e

end ModCos-D7term;

pragma PAGE;
function ModCosD_6term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter Resultl1 : Real;
ModInput -: Degrees;
Result : Sin CosRatio;
X_Squared : ReaI;

begin
if (Input <= 45.0) or (Input >. 135.0) then

if Input > 90.0 then
ModInput :=180.0 - Input;

else
ModInput :=Input;

end if;-
XSquared := Mod_Input * ModInput;
InterResult_1 :=((((Cos D C10 *X Squared +

CosDb-h8) *X lsquared +
CosDC6) * XSquared +
CosDC4) * Xquared +
Cos DC2) * XSquared;

Inter -Result 1 :=Inter_&esult 1 +-1.0
if Input > 95.0 then

InterResult_1 :=-InterResult_1;
end if;

else
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01 InterResult_0 : Real(90.0 -Input);

X_-Squared := InterResult 0 *Inter Result_0;
InterResult_1 := (((Sin-D-C11 * -Squared +

Sin DC9) *X-Squared +
Sin D C7) *X Squared +
sinDbC5) X S~quared +
Sin7D7C3) * XSquared;

Inter Result 1 InterResult -1 * nterResult_0 +
-(SinDCl * InterResult_0);

end if;
* if InterResult1 >1.0 then

Inter_-Result_1 :. 1.0;
-elsif InterResult_1 < -1.0 then

Inter_-Result_1 :. -1.0;
end if;
Result :. SinCos_-Ratio( InterResult_1 )
return Result;

end Hod CosD_6term;

pragma PAGE;
function HodCosD_5term(Input : Degrees) return SinCosRatio is

Ine eut el

Inter Result-0 : Real;

HodInput : Degrees;
Resuilt : Sin Cos Ratio;
X_Squared : Real;

begin
if (Input <in 45.0) or (Input >. 135.0) then

if Input > 90.0 then
Hod_-Input :-180.0 -Input;

else
HodInput :=Input;

end if;,
X_Squared :. Mod_-Input M od f Input;
InterResult_1 :=(((Cos -D -C~ * X_-Squared +

Cos DC6) * XSquared +
Cos-DC4) * X Squared +
Cos DC2) * X-Squared;

Inter Result 1 :=Inter Resultl 1 1.0;
if In-put > 90.0 then

Inter_-Result-i = Inter Result 1;
end if;Ielse __

InterResult_0 :. Real(90.0 -Input);

X Squired := Inter Result 0 *Inter Result_0;
Inter-Result_1 :=((Sin U C9 * X S9quared +

- SinD-C7) * XSquared +
Sin7D C5) * X Squared +.
SinDC3) * X-Squared;

Inter Result 1 :=Inter Result 1 *-Inter Result 0 +
-(SinDCl * InterResull_0);

end if;
if Inter Result 1 > 1.0 then

Inter-Resultl1 := 1.0;
elsif InterResult 1 < -1.0 then
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Inter Result_1 := -1.0;
end if;
Result := SinCosRatio( Inter Result_1 );
return Result;

end ModCos_D_Sterm;

pragma PAGE;
function ModCos_D_4term(Input : Degrees) return SinCosRatio is

Inter Result 0 : Real;
Inter-Result- : Real;
Mod Input : Degrees;
Result 2 Sin Cos Ratio;
XSquared : Real;

begin
if (Input <= 45.0) or (Input >= 135.0) then

if Input > 90.0 then
Mod Inpat := 180.0 - Input;

else
Mod Input := Input;

end if;
XSquared := Mod Input * Mod Input;
InterResult_1 :- ((Cos D C6 * X Squared +

Cos D C4) * XSquared +
CosD-C2) * X Squared;

Inter Result 1 := Inter Result 1-+ 1.0
if Input > 9U.0 then e

Inter Result_1 := - InterResult_1;

end if;
else

Inter Result 0 := Real(90.0 - Input);
XSquared :=-Inter Result 0 * Inter Result 0;
InterResult_1 := T(Sin D-C7 * X Squared

SinD C5) * XSquared +
Sin D C3) * X Squared;

Inter Result 1 := InterResult 1 InterResult 0 +
- (SinU_Cl * Inter Result_0);

end if;
if Inter Result 1 > 1.0 then

InterResult-1 := 1.0;
elsif Inter Result 1 < -1.0 then

Inter Result 1 := -1.0;
end if;
Result := SinCosRatio( InterResult 1 );
return Result;

end ModCos_D_4term;

pragma PAGE;
Modified Taylor Tangentfinctions

function ModTanD_8term (Input : Degrees) return TanRatio is
begin

return Tan Ratio(Sin D 8term(Input)) /
Tan Ratio(Cos -8term(Input));

end ModTan_D8term;
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pragma, PAGE;
function ModTanD_7term (Input : Degrees) return Tan-Ratio is
begin

return TanRatio(Sin D 7term(Input))/
Tan -Ratio(Cos-D7term(Input));

end Mod TanD-7term;

pragma PAGE;
function ModTanD_6teri (Input : Degrees) return Tan-Ratio is
begin

return Tan Ratio(Sin D 6term(Input))/
Tan-Ratio(Cos-6term(Input));

end ModTanD_6term;

pragua, PAGE;
function HodTanD_5term (Input : Degrees) return TanRatio is
begin

return Tan Ratio(Sin D 5term(Input))/
TanChatio(Coslf Cterm(Input));

end ModTanD_5term;

pragma PAGE;
function ModTanD_4term (Input : Degrees) return Tan-Ratio is
begin

return Tan -Ratio(SinD_4term(Input))/
Tan Ratio(CosD4ter(Input));

end ModTanEF4term;

end TaylorDegree Operations;
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separate (Polynomials.TaylorSeries)
package body TaylorNaturalLog is

Nat Log C1 : constant 2.0;
NatLogC3 : constant := 0.66666 6666;
NatLog_C5 : constant := 0.4;
NatLogC7 : constant := 0.28574 1428;
Nat-Log C9 : constant := 0.22222-2222;
Nat Log CI : constant := 0.18181-8182;
Nat-LogCl3 : constant := 0.15384-6153;
NatCLogC15 : constant := 0.13333-3333;

pragnma PAGE;
function NatLog_8term ( Input : Inputs ) return Outputs is

Inter Result : Inputs;
ResulT : Outputs;
Mod Input : Inputs;
ModSquared : Inputs;

begin
Mod Input := (Input - 1.0)/(Input + 1.0);
ModSquared := Mod Input * Hod Input;
Inter Result := (T((((Nat LogC15 * Mod Squared +

Nat-Log-C13) * Hod Squared +
Nat -Log C11) * Hod-Squared +
Nat_Log-C9) * Mod-Squared +
Nat Log C7) * Mod-Squared +
Nat Log CS) * Hod-Squared +
Nat-Log-C3) * HodSquared;

Result := (Inter Result * Mod.nput) + (Mod_Input * NatLogC1);
return Result;

end NatLog._8term;

pragma PAGE;
function Nat_Log_7term ( Input : Inputs ) return Outputs is

Inter Result : Inputs;
Result : Outputs;
Mod Input : Inputs;
ModSquared : Inputs;

begin
Hod Input := (Input - 1.0)/(Input + 1.0);
Mod Squared := Mod Input * Mod Input;
Inter Result := (T(((Nat Log C13 * Mod Squared +

Nat-Log-Cll) * Mod Squared +
Nat-Log-C9) * Mod-Squared +
NatLog-C7) * Mod-Squared +
Nat Log CS) * Mod-Squared +
NatLogC3) * Mod-Squared;

Result := (InterResult * ModInput) + (ModInput * Nat_Log Ce);
return Result;

end NatLog_7term;

pragma PAGE;
function Nat_Log_6term ( Input : Inputs ) return Outputs is
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Inter Result : Inputs;
Result : Outputs;
ModInput : Inputs;
Mod_Squared : Inputs;

begin

Mod Input := (Input - 1.0)/(Input + 1.0);
Mod-Squared Mod Input * Mod Input;
InterResult := (((NatLog_Cil * Mod_Squared +

NatLog C9) * Mod_Squared +
Nat_LogC7) * Mod Squared +
NatLogC5) * ModSquared +
Nat Log C3) * Mod-Squared;

Result := (InterResult W Mo?_Input) + TModInput * NatLog_Cl);
return Result;

end Nat_Log_6term;

pragna PAGE;
function NatLog_5term ( Input Inputs ) return Outputs is

Inter Result : Inputs;
Result : Outputs;
Mod Input : Inputs;
Mod-Squared : Inputs;

begin
Mod Input :. (Input - 1.0)/(Input + 1.0);
Mod-Squared := Hod Input * Hod Input;
Inter Result :- (T(Nat Log C9 * Mod Squared +

NatLogC7) * Hod-Squared +
NatLog C5) * Mod-Squared +
Nat Log C3) * Mod Squared;

Result := (InterResult * Mod_Input) T (ModInput * NatLog_Cl);
return Result;

end Nat_Log_5term;

pragma PAGE;
function NatLog_4term ( Input : Inputs ) return Outputs is

Inter Result : Inputs;
Result : Outputs;
Mod Input : Inputs;
Mod-Squared : Inputs;

begin
Mod Input := (Input - 1.0)/(Input + 1.0);
Mod-Squared := Mod Input * Mod Input;
InterResult :f (TNatLog C7 * ModSquared +

NatLog-C5) * Hod Squared +
NatLog-C3) * Mod-Squared;

Result := (InterResult * ModInput)-+ (ModInput * Nat_Log_Cl);
return Result;

end NatLog_4term;

S end TaylorNaturalLog;

1 ,1- :1 , 1 1 4 1 11 , 1
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separate (Polynomials.Taylor_Series)
package body Taylor_Log_BaseN is

package LocalNatural_Log is new TaylorNaturalLog( Inputs => Inputs,
Outputs => Outputs);

package body Log_Base_N_8term is

OneOverBaseLog : constant Outputs := 1.0
LocalNaturalLog.Nat_Log_8term( Inputs(BaseN) );

function LogN_8term ( Input : Inputs ) return Outputs is
begin

return LocalNaturalLog.NatLog_8term( Input ) * OneOverBaseLog;
end LogN_Bterm;

end LogBase_N_gterm;

package body LogBase_N_7term is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNaturalLog.NatLog_7term( Inputs(BaseN) );

function LogN_7term ( Input : Inputs ) return Outputs is
begin

return LocalNaturalLog.NatLog_7term( Input ) * One-Over BaseLog;
end Log_N_7term;

end Log_BaseN_7term;

package body Log_BaseN_6term is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNaturalLog.NatLog_6term( Inputs(BaseN) );

function Log_N6term ( Input : Inputs ) return Outputs is
begin

return LocalNatural_Log.Nat_Log_6term( Input ) * One Over BaseLog;
end Log_N_6term;

end Log_BaseN_6term;

package body LogBase_N_5term is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNaturalLog.NatLogterm( Inputs(BaseN) );

function LogN_5term ( Input : Inputs ) return Outputs is
begin

return LocalNatural_Log.Nat_Log_5term( Input ) * OneOverBaseLog;
end Log_N_5term;

end Log_Base_N_5term;

package body LogBaseN_4term is

OneOverBase_Log : constant Outputs := 1.0 /
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LocalNaturalLog.NatLog4tern( Inputs(BaseN) )

function LogN4term ( Input : Inputs ) return Outputs is
begin

return Local_-Natural_Log.NatLog _4term( Input )*One Over BaseLog;
end Log_,N_4term;

end Log_BaseN_4term;

end TaylorLogBaseN;

rs
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separate (Polynomials)
package body GeneralPolynomial is

function Polynomial (Input : Inputs) return Results is
Result Results;

begin
Result := 0.0;
for INDEX in Table Dimension

loop
Result := Result +

Polynomial Definition( INDEX ).Coefficient *
(Input ** PolynomialDefinition( INDEX ).PowerOfX);

end loop;
return Result;

end Polynomial;

end General_Polynomial;

I
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separate (Polynomials)
package body SystemFunctions is

package body RadianOperations is separate;

package body SemicircleOperations is separate;

package body Degree_Operations is separate;

package body SquareRoot is separate;

package body Base_10_Logarithm is ieparate;

package body Base_N_Logarithm is separate;

end System Functions;

L
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separate (Polynomials. System Functions)
package body RadianOperations is

--.. insantidated packages-

package RadianMathLib is new MathLib (Real => Radians);

package MLib renames RadianMath_Lib;

--.. renamed functions within Local Math Lib
function Ada Sin (Input : Radians) return Radians renames MLih.Sin;

function Ada-os (Input : Radians) return Radians renames MLib.Cos;
function Ada-Tan (Input : Radians) return Radians renames M-Lib.Tan;

function Ada-Arcsin
TInput : Radians) return Radians renames MLib.Asin;

function Ada Arccos
~(Input : Radians) return Radians renames M Lib.Acos;~function Ada Arctan

TInput : Radians) return Radians renames MLib.Atan;

pragma PAGE;

function Sin (Input : Radians) return Sin CosRatio is

begin

return SinCosRatio(Ada.Sin(Input));

exception

when MLib.Roprand => raise Invalid_Operand;

end Sin;

pragma PAGE;
function Cos (Input : Radians) return Sin CosRatio is

begin

return SinCosRatio(AdaCos(Input));

exception

when MLib.Roprand => raise InvalidOperand;

end Cos;

pragma PAGE;
function Tan (Input : Radians) return Tan Ratio is

begin

return TanRatio(AdaTan(Input));

- ------------- ----
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exception

when H Lib.Roprand => raise InvalidOperand;
when HLib.Floovemat => raise Overflow;

* end Tan;

pragma PAGE;
function Arcsin (Input :SinCosRatio) return Radians is

begin

return AdaArcsin(Radians(Input));

exception

'when MLib.Roprand => raise Invalid Operand;
when HLib.Invargmat a>raise InvaliCFArgument;

end Arcsin;

pragua PAGE;
function Arccos (Input :SinCosRatio) return Radians 3s

begin

return Ada Arccos(Rladians(Input));

exception

when MLib.Roprand a>raise Invalid Operand;
when HLib.Invargmat =>raise Invalid-Argument;

end Arccos;

pragma PAGE;
function Arctan (Input :TanRatio) return Radians is

begin

return AdaArctan(Radians(Input));

exception

when H Lib.Roprand => raise Invalid-Operand;

end Arctan;

er;4 RadianOperations;

S(V
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separate (Polynomials.System Functions)
package body Semicircle Operations is

-- -- instantiated packages-

package SemicircleMathLib is new Math Lib (Real => Scalars);

package M_Lib renames Semicircle HathLib;

.. -- renamed functions within Local Math Lib

function Ada Sin (Input : Scalars) return Scalars renames M Lib.Sin;
function AdaCos (Input : Scalars) return Scalars renames M-Lib.Cos;
function Ada-Tan (Input : Scalars) return Scalars renames -Lib.Tan;
function Ada-Arcsin

TInput : Scalars) return Scalars renames MLib.Asin;
function Ada Arccos

(Input : Scalars) return Scalars renames MLib.Acos;
function Ada Arctan

(Input : Scalars) return Scalars renames MLib.Atan;

-- -- local declarations

OneOver Pi : constant Scalars :. 1.0 / Pi;

pragma PAGE;
function Sin (Input : Semicircles) return SinCosRatio is

begin

return Sin CosRatio(AdaSin(Input*Pi));

exception

when MLib.Roprand => raise Invalid-Operand;

end Sin;

pragma PAGE;
function Cos (Input : Semicircles) return Sin Cos Ratio is

begin

return Sin_CosRatio(AdaCos(Input*Pi));

exception

when MLib.Roprand => raise Invalid-Operand;

end Cos;
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- pragma PAGE;
function Tan (Input : Semicircles) return Tan Ratio is

begin

return TanRatio(AdaTan(Input*Pi));

exception

when H Lib.Roprand => raise Invalid Operand;
when H-Lib.Floovemat => raise Overflo;

end Tan;

pragma PAGE;

function Arcsin (Input : SinCosRatio) return Semicircles is

begin

return AdaArcsin(Scalars(Input)) * OneOverPi;

exception

when M Lib.Roprand u> raise Invalid Operand;
when HLib.Invargmat -> raise Invalid-Argument;

.L end Arcsin;

pragma PAGE;
function Arccos (Input : SinCosRatio) return Semicircles is

begin

return AdaArccos(Scalars(Input)) * OneOverPi;

exception

vhen MLib.Roprand => raise Invalid Operand;
when HLib.Invargmat => raise Invalid-Argument;

end Arccos;

pragma PAGE;
function Arctan (Input : Tan-Ratio) return Semicircles is

begin

return AdaArctan(Scalars(Input)) * OneOverPi;

exception

when HLib.Roprand => raise InvalidOperand;

end Arctan;

end SemicircleOperations;
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sepaate(PolnomalsSystemFunctions)

pacagebod DereeOperaticns is

--- instantiated package-

package DegreeMath Lib is new MathLib (Real => Degrees);

package HLib renames DegreeMathLib;

--- renamed functions wiihin Degree Math Lib

function Ada-Sin (Input : Degrees)
return Degrees renames H Lib.Sind;

function AdaCos (Input : Degrees)
return Degrees renames M Lib.Cosd;

function AdaTan (Input : Degrees)
return Degrees renames H Lib.Tand;

function AdaArcsin (Input : Degrees)
return Degrees renames M-Lib.Asind;

function Ada Arccos (Input : Degrees)
return Degrees renames MHLib.Acosd;

function Ada-Arctan (Input : Degrees)
return Degrees renamits H-Lib.Atand;

pragma. PAGE;
function Sin (Input : Degrees) return Sia CosRatio is

begin

return SinCosRatio(AdaSin(Input));]

exception

when M Lib.Roprand => raise Invalid Operand;
when kCLib.Floundiat .> raise Underf low;

end Sin;

pragma. PAGE;
function Cos (Input : Degrees) return SinCos-Ratio is

begin

return Sin Cos Ratio(AdaCos(Input));

exception

when MH Lib.Roprand => raise InvalidOperand;
when MfLib.Floundmat .> raise Underflov;

end Cos;

pragina PAGE;

--------------------------------------------------j
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function Tan (Input Degrees) return TanRatio is

begin

return Tan Ratio(AdaTan(Input));

exception

when M Lib.Roprand => raise Invalid Operand;
when H_-Lib.Floovemat => raise Overflo;;

end Tan;

pragma PAGE;
function Arcsin (Input :SinCosRatio) return Degrees is

begin

return Ada Arcsin(Degrees(Input));

exception

when H Lib.Roprand =>raise Invalid Operand;
when H Lib.Invargmat u>raise Invalid-Argument;

end Arcsin;

pragma PAGE;
function Arccos (Input :SinCosRatio) return Degrees Is

begin

return AdaArccos(Degrees(Input));

exception

when H Lib.Roprand => raise Invalid Operand;
vhen kfLib.Invargmat =>raise Invalid-Argument;

end Arccos;

pragma PAGE;
function Arctan (Input :Tan Ratio) return Degrees is

* begin

return AdaArctan(Degrees(Input));

exception

when HLib.Roprand => raise Invalid Operand;

end Arctan;

S end DegreeOperations;
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separate (Polynomials. SystemFunctions)
package body SquareRoot is

-- -- instantiated package-

package NewMathLib is new MathLib (Real => Inputs);

package M_Lib renames NewMathLib;

---- functions used in this package-

function AdaSqrt (Input : Inputs) return Inputs renames H Li b.Sqrt;

pragma, PAGE;
function Sqrt (Input : Inputs) return Outputs is

begin

return Outputs(AdaSqrt(Input));

exception

when MH Lib.Roprand =>raise Invalid Operand;
when MfLib.Squrooneg =>raise SquareRootNegative;e

end Sqrt;

end SquareRoot;
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separate (Polynomials.System Functions)
package body Base_10_Logarithm is

-- -- instantiated package-

package NewMathLib is nev Math Lib (Real => Inputs);

package MLib renames NewMathLib;

-- functions used in this package-

function AdaLoglO (Input : Inputs) return Inputs renames H_Lib.LoglO;

pragma PAGE;
function Log_10 (Input : Inputs) return Outputs is

begin

return Outputs(AdaLoglO(Input));

exception

vhen M Lib.Roprand => raise Invalid Operand;
vhen _-Lib.Logzerneg => raise Log_Zero_Negative;

end Log_10;

end Base_10_Logarithm;

L I



CAMP Software Detailed Design Document Page 1704

separate (Polynomials. System Functions)
package body Base_N_Logarithm is

....- insian tied package-

package NewMathLib is new MathLib (Real => Inputs);

package MLib renames NewMathLib;

-- local variables-

OneOverLoglOOfBaseN : Inputs;

-- -- fitciions used in this package-

function AdaLoglO (Input : Inputs) return Inputs renames MLib.LoglO;

pragma PAGE;
function LogN (Input : Inputs) return Outputs is

-- - - -- - - -- - -

.. .-- declaration sectibn

LoglOOf_Input : Inputs;

-- -- begin function LogN

begin

LoglO Of Input := Ada.LoglO(Input);
return LoglO_Of_Input * OneOverLoglOOfBaseN;

exception

when M Lib.Ropcand => raise Invalid Operand;

when M-Lib.Logzerneg => raise LogZeroNegative;

end Log_N;

pragma PAGE;

.. -- begin package body BaseNLogarithin

begin

OneOver_LoglOOf_BaseN := 1.0 / AdaLogl(Inputs(BaseN));

.UWLI
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exception

when MLib.Roprand => raise InvalidOperand;

end BaseN Logarithm;

@
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separate (Polynnmials)
package body Continued Fractions is

package body Continued RadianOperations is separate;

end ContinuedFractions;

e

U
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separate (Polynomials.Continued Fractions)
package body ContinuedRadianOperations is

Tangent finclions

function TanR (Input : Radians;
TermCount : POSITIVE :=DefaultTermCount )

return TanRatio is

Input Squared : Tan Ratio;
Inter-Result : Tan-Ratio;
Mod Term : INTEGER;
Result : TanRatio;

begin
Nod Term := 2 * Term Count - 1;
Input Squared :- Input * Input;
Inter-Result :- Input Squared;
Divide:

loop
Inter Result :. InputSquared/(TanRatio(ModTerm) - Inter-Result);
Hod Term :- Mod Term - 2;
exit vhen Mod tirm <. 1;

end loop Divide;-
Result :- Tan Ratio(Input) / (1.0 - Inter.Result);
return Result;

end TanR;

--.. Arclangent functions

function ArctanR (Input : Tan Ratio;
Term Count : POSITIVE :. Default Term Count )

return Radians is

COUNT : POSITIVE :. TermCount;
InputSquared : Tan Ratio;
Inter Result : Tan-Ratio;
Mod Term : INTEGER;
Result : Radians;

begin
Hod Term :- 2 * Term Count - 1;
Input_Squared := Input * Input;
Inter Result := Input-Squared;
Divide:

loop
InterResult := InputSquared /

(Tan Ratio(Mod Term) +
Tan-Ratio(COUNT * COUNT) *
Inter_Result);

COUNT := COUNT - 1;
Hod Term := Hod Term - 2;
ex!! when Mod Tierm <.r 1;

end loop Divide;-
Result :. Radians(Input / (1.0 + InterResult));
return Result;
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end Arctan_ R;

end Continued RadianOperations;

-.
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separate (Polynomials)
package body Cody_Waite is

package body Cody_NaturalLog is separate;

package body CodyLog._BaseN is separate;

end Cody-Waite;
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separate (Polynomials.Cody_Waite)
package body Cody_NaturalLog is

CO : constant Inputs := 0.70710 67811_86547_52440; -- SQRT(O.5)
Cl : constant Inputs 8 #0.543 #;
C2 : constant Inputs :=- 0:00021_21944_40054_69058_2767;

.. -- used in R fiinction
AO : constant Inputs - 64.12494 34237 45581 147;
Al : constant Inputs := 16.38394-35630-21534-222;
A2 : constant Inputs := - 0.78956-11288-74912757267;
BO : constant Inputs := - 769.49931 10849 48797 77;
B1 : constant Inputs := 312.03222-09192-45328-44;
B2 : constant Inputs :=- 35.66797-7739034646-171;
B3 : constant Inputs := 1.0000_U0000_0000 U000;

function NatLog (Input : Inputs) return Outputs is

F : Inputs;
Inter Result : Inputs;
N : INTEGER;
Result : 0utputs;
Sign : Inputs;
Xn : Inputs;
Y : Inputs;
Z : Inputs;
Zden : Inputs;
Znum : Inputs;

function R( Z : Inputs ) return Inputs is

V : Inputs := Z * Z;

begin
return Z + Z * V * (AO + (Al + A2 * V) * W) /

(BO + (B + (B2 + W) * W) * W);
end R;

procedure Defloat( Input : Inputs;
Sign : out Inputs;
MANTISSA : out Inputs;
Exponent : out INTEGER) is

X Norm : Inputs := Input;
N- : INTEGER := 0;

begin
Sign :. 1.0;
if X Norm = 0.0 then

Exponent := 0;
MANTISSA := 0.0;
return;

elsif X Norm < 0.0 then
X Noirm := - X Norm;
SIgn : -1.0;-

end if;
if X Norm >. 1.0 then -- reduce to 0.5 .. 1.0
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Coarsel:
while XNorm >= 1024.0 loop -- coarse reduction

N :=N + 10;
X Norm := XNorm * 0.00097_65625; -- exact on binary machine

end 'loop Coarsel;
Finel:

while XNorm >= 1.0 loop -- fine reduction
N := N + 1;

fl X Norm := XNorm * 0.5; -- exact on binary machine
end ioop Finel;

else
Coarse2:

while XNorm < 0.00097_65625 loop -- coarse reduction
N := _N -10;

X Norm X= _Norm * 1024.0; -- exact on binary machine
end loop Coarse2;

Fine2:
while XNorm < 0.5 loop -- fine reduction

N : = N - 1;
X Norm := K Norm *2.0; -- exact on binary machine

end Ioop Fine2;
4 end if;

Exponent :=N;
MANTISSA := KNorm;

end Defloat;

JPLL begin
Defloat( Input, Sign, F, N )
Znum :. F - 0.5;
if F > CO then

Znum :=Znum - 0.5;
Zden :=F * 0.5 + 0.5;

else
N :. N -1;

Zden :. Znum * 0.5 + 0.5;
end if;
Z := Znum /Zden;
if N = 0 then

Inter Result := R( Z )
b else

Xii: Inputs(N);
Inter_-Result :. (Xn * C2 + R( Z ))+ Xii Cl;

end if;

Result := Outputs(Inter Result);
return Result;,

end NatLog;

end CodyaturalLog;
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separate (Polynomials.CodyWaite)
package body Cody_LogBaseN is

package LocalNatural_Log is new Cody_Natural_Log( Inputs => Inputs,
Outputs => Outputs);

package body Log_BaseN is

OneOverBaseLog : constant Outputs := 1.0 /
LocalNatural_Log.Nat_Log( Inputs(BaseN) );

function Log_N ( Input : Inputs ) return Outputs is
begin

return LocalNatural_Log.Nat_Log( Input ) * OneOverBaseLog;
end Log_N;

end Log_BaseN;

end CodyLog_BaseN;

A0
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separate (Polynomials)
package body Reduction Operations is

function SineReduction( Input : Inputs ) return Inputs is
Result : Inputs;

begin
if Input > Quarter Cycle then

Result := HalfCycle - Input;
elsif Input < - Quarter Cycle then

Result := - HalfCycIe - Input;
else

Result := Input;
end if;
return Result;

end SineReduction;

function Cosine Reduction( Input : Inputs ) return Inputs is
Result : Inputs;

begin
return abs( Input );

end Cosine-Reduction;

end ReductionOperations;

I.
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3.3.6.9 QUATERNION OPERATIONS (PACKAGE BODY) TLCSC (CATALOG #P127-O)

This part, which is designed as an Ada package, contains bodies for for all
CAMP parts which can be used on quaternions. A quaternion represents the
orientation of frame xyz to frame XYZ. This part applies to missile
navigation.

The decomposition for this part is the same as that shown in the Top-Level
Design Document.

3.3.6.9.1 REQUIREMENTS ALLOCATION

N/A

3,3.6.9.2 LOCAL ENTITIES DESIGN

None.

3.3.6.9.3 INPUT/OUTPUT

None.

S 3.3.6.9.4 LOCAL DATA

None.

3.3.6.9.5 PROCESS CONTROL

Not applicable.

3.3.6.9.6 PROCESSING

The following describes the processing performed by this part:

package body QuaternionOperations is

function QuaternionComputed From EulerAngles
(EuleJ Angles : Euler Angle Vectors)
return-ouaternion.Vectors is-separate;

function Normalized Quaternion (Quaternion : Quaternion Vectors)
return Quaternion.Vectors is separate;

end Quaternion Operations;

i °
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3.3.6.9.7 UTILIZATION OF OTHER ELEMENTS

None.

3.3.6.9.8 LIMITATIONS

None.

3.3.6.9.9 LLCSC DESIGN

None.

3.3.6.9.10 UNIT DESIGN

3.3.6.9.10.1 QUATERNION COMPUTEDFROMEULERANGLES (FUNCTION BODY) UNIT DESIGN
(CATALOG #P129-O)

This part computes the unit quaternion, 0, that represents the orientation of
frame xyz with respect to XYZ (i.e. Q rotates XYZ into xyz) given the Euler
angles relating xyz to XYZ.

3.3.6.9.10.1.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.9.10.1.2 LOCAL ENTITIES DESIGN

None.

3.3.6.9.10.1.3 INPUT/OUTPUT

GENERIC PARAMETERS:

Data types:

The following table summarizes the generic formal types required by this part
(as defined in the specification header):N
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I Name I Type I Description I

Euler Angle discrete Data type representing the index to the
Indices type vector EulerAngleVectors which has
- values such as Psi, Theta, and Phi.

Angles floating Data type for the elements of the Euler
point angle vector.
type

Euler Angle array Data type representing the Euler angles.

SVectors

Data objects:

The following table summarizes the generic formal objects required by this part
(as defined in the specification header):

I Name I Type I Value I Description

Psi Euler 'FIRST An index that indexes
Angle I "Euler Angles" to extract the

_Indices first Ruler angle rotation
that rotates XYZ into X'Y'Z'I

Iby rotating XYZ thru the anglej
psi about the Z axis.

Theta Euler I'SUCC(psi) An index that indexes
Angle "Euler Angles" to extract the

-Indices second-Euler angle rotation
- that rotates X'Y'Z' into

X''Y''Z'" by rotating X'Y'Z'
thru the angle theta about
the Y' axis.

Phi Euler 'LAST An index that indexes
_.Angle "Euler Angles" to extract the
-_Indices third Euler angle rotation
- that rotates X"1Y"1Z"'

into xyz by rotating X"Y"Z"j
thru the angle phi about the
X' axis.

Subprograms:

The following table describes the generic formal subroutines required by this
part:
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I Name I Type I Description I

ISin_- Cos I procedure I Procedure returning the sine and cosine of an euleri
I I I angle (of type "Angles") I

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I EulerAngles I Euler I In I This value is a vector representing the I
I I _Angle I I euler angles. I
I I _Vectors I I I

3.3.6.9.10.1.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

I Quaternion I Quaternionj N.A. This 1X4 array contains the
I ectors I quaternion that will be

- computed and returned.

Cos Psi Div 2 Sin Cos N.A. An object for holding the value
- - - Ratio cosine(psi)/2.

Cos Theta Div 2 Sin Cos I N.A. I An object for holding the value
- - - Ratio cosine(theta)/2.

Cos Phi Div_2 Sin Cos I N.A. I An object for holding the value
- - - Ritio cosine(phi)/2.

Sin Psi Div 2 Sin Cos I N.A. I An object for holding the value
Ratio sin(psi)/2.

Sin Theta Div 2 Sin Cos I N.A. I An object for holding the value
- - - Ratio sin(theta)/2.

Sin Phi Div 2 Sin Cos I N.A. An object for holding the value
- - - Ritio sin(phi)/2.

_ ___
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' %" 3.3.6.9.10..5 PROCESS CONTROL

Not applicable.

3.3.6.9.10.1.6 PROCESSING

The following describes the processing performed by this part:

separate (Quaternion_Operations)

function QuaternionComputed From Euler Angles
(EuleF Angles :-Euler Angle Vectors)
return QuaternionVectors is

Quaternion : QuaternionVectors;

Cos Psi Div 2 : SinCosRatio;
Cos Theta Div 2 : Sin Cos Ratio;
Cos Phi Div 2- : Sin Cos Ratio;
Sin Psi Div 2 : Sin Cos Ratio;
Sin Theta DTv 2 : Sin-Cos Ratio;
SinPhiDlv_2- : SinCosRatio;

begin

Sin Cos( Euler Angles(Psi) * 0.5, Sin Psi Div 2, Cos Psi Div 2 );
Sin-Cos( EulerAngles(Theta) * 0.5, SinTheta Dlv 2, Cos-Theta Dfv2 );
Sin-Cos( EulerAng]es(Phi) * 0.5, SinPhi_DTv_27 CosPhi_Dlv_2-);

Quaternion(QO) := Cos Psi Div 2 * Cos Theta Div 2 * Cos Phi Div 2
+ SinPsi-Div-2 * SinThetaDiv_2 * SinPhiDiv_2;

Quaternion(Ql) := Cos PsiDiv 2 * Cos Theta Div 2 * Sin Phi Div 2
- Sin PsiDiv_2 * Sin ThetaDiv_2 * Cos PhiDiv_2;

Quate:nion(02) := Cos Psi Div 2 * Sin Theta Div 2 * Cos Phi Div 2
+ SinPsiDiv-2 * Cos-Theta-Div-2 * SinPhiDiv_2;

Quaternion(Q3) := Sin Psi Div 2 * Cos Theta Div 2 * Cos Phi Div 2
- CosPsiDiv-2 * SinTheta-Div-2 * Sin Phi-Div-2;

return Quaternion;

end QuaternionComputedFromEulerAngles;

3.3.6.9.10.1.7 UTILIZATION OF OTHER ELEMENTS

None.
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3.3.6.9.10.1.8 LIMITATIONS

None.

3.3.6.9.10.2 NORMALIZEDQUATERNION (FUNCTION BODY) UNIT DESIGN (CATALOG :F?130-0)

This function normalizes a Quaternion when applied repeatedly. One iteration
will not (in most cases) normalize the Quaternion. The frequency of execution
is dependent upon the desired accuracy, the length of the time interval between
updates, and other application-dependent factors. This part is usually applied
repeatedly over time.

3.3.6.9.10.2.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.9.10.2.2 LOCAL ENTITIES DESIGN

None.

3.3.6.9.10.2.3 INPUT/OUTPUT

FORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description I

I Quaternion I Quaternionj In I This value is a vector representing a
I _Vectors I I quaternion vector.

3.3.6.9.10.2.4 LOCAL DATA

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description I

I Factor I Real I N.A. I This object is used to store a temporary
I I I I value.

b I III
I Answer I Quaternion I N.A. I This object is the quaternion vector that I
I I _Vectors I I is computed and returned.

S@-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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3.3.6.9.10.2.5 PROCESS CONTROL

Not applicable.

3.3.6.9.10.2.6 PROCESSING

The following describes the processing performed by this part:

separate (QuaternionOperations)

function Normalized Quaternion (Quaternion : Quaternion Vectors)
return QuaternionVectors is

Factor : Real;
Answer : QuaternionVectors;

begin

Factor := Real( 1.5 - ( (Quaternion(QO) * Quaternion(Q0))
+(Quaternion(Ql) * Quaternion(Ql))
+(Quaternion(Q2) * Quaternion(Q2))
+(Quaternion(Q3) * Quaternion(Q3))

* SinCosRatio(O.5));

Answer(QO) Quaternion(QO) * Factor;
Answer(Q1) := Quaternion(Q1) * Factor;
Answer(Q2) := Quaternion(Q2) * Factor;
Answer(Q3) := Quaternion(Q3) * Factor;

return Answer;

end NormalizedQuaternion;

3.3.6.9.10.2.7 UTILIZATION OF OTHER ELEMENTS

UTILIZATION OF OTHER ELEMENTS IN TOP LEVEL COMPONENT:

Subprograms and task entries:

The following table summarizes the subprograms and task entries required by
this part and defined elsewhere in the parent top level component:

b I Name I Type I Description

I "*" I function I Function multiplying a type SinCos Ratie by a typeI
I I I Real returning type SinCosRatio.

Data types:
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The following table summarizes the types required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Description

Quaternion discrete Data type representing element indexes for
Indices type the quaternion vector.

Real floating Data type used to compute a temporary value.
point This value is actually a SinCos Ratio;
type however, rounding errors can cause a

constraint error. The final quaternions
that are computed will not produce a
constraint error if the Ivaluel > 1. 1

I I
Sin Cos Ratio I floating Data type of elements of the quaternion I

I point vector.
I type

I
Quaternion I array Data type representing the quaternions. I

I Vectors I I

Data objects:

The following table summarizes the objects required by this part and defined
elsewhere in the parent top level component:

I Name I Type I Value I Description I

I QO I 0uaternionj 'FIRST An index that indexes
Indices "Quaternion" to extract the

first quaternion element,
which is the scalar part of
a quaternion.

1 QI Quaternion 'SUCC(qO) I An index that indexes
I IIndices "Quaternion" to extract the

Isecond quaternion element,
which is the first component
of the vector.

1 02 1 Quaternionj 'SUCC(ql) I An index that indexes
Indices I "Quaternion" to extract the

J third quaternion element,
which is the second component
of the vector.

I 03 I Quaternionl 'LAST An index that indexes
Indices "Quaternion" to extract the

fourth quaternion element,
which is the third component
of the vector.
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3.3.6.9.10.2.8 LIMITATIONS

None.

3.3.6.9.10.3 "*" (FUNCTION BODY) UNIT DESIGN (CATALOG #P126-0)

This generic function computes the product of two quaternions.

3.3.6.9.10.3.1 REQUIREMENTS ALLOCATION

N/A

3.3.6.9.10.3.2 LOCAL ENTITIES DESIGN

None.

3.3.6.9.10.3.3 INPUT/OUTPUT

GENERIC PARAMETERS:

UFORMAL PARAMETERS:

The following table describes this part's formal parameters:

I Name I Type I Mode I Description

I QuaternionA I Quaternioni In I This value is a vector representing a
Vectors I quaternion vector.II - I, I

I Quaternion B I Quaternioni In I This value is a vector representing a
I _Vectors I I quaternion vector.

-- - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- -- i

3.3.6.9.10.3.4 LOCAL DATA
4J

Data objects:

The following table describes the data objects maintained by this part:

I Name I Type I Value I Description

I Quat C I Quaternion N.A. The quaternion that is computed.l
I -Vectors I I
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3.3.6.9.10.3.5 PROCESS CONTROL

Not applicable.

3.3.6.9.1002.6 PROCESSING

The following describes the processing performed by this part:

function 111 (Quaternion A :Quaternion Vectors;
Quaternion B : QuaternionVectors)
return QuaternionVectors is

QuatC :QuaternionVectors;

begin

QuatC(QO) := Quaternion A(QO) * Quaternion B(QO)
-Quaternion A(01) * Quaternion B(01)
-Quaternion A(02) * Quaternion-B(Q2)
-Quaternion A(Q3) * Quaternion B(03);

QuatC(01) := QuaternionA(Q2) * Quaternion B(Q3)
-Quaternion -A(03) * Quaternion_ (02)

+ QuaternionA(QO) * Quaternion B(Q1)
+ Quaternion-A(Ql) * Quaternion-B(QO);

QuatC(Q2) := uaternion -A(03) * Quaternion B(01)
-Quaternion A(01) * Quaternion B(03)

+ Quaternion A(02) * Quaternion B(QO)
+ Quaternion-A(QO) * Quaternion-B(Q2);

QuatC(Q3) := QuaternionA(Q1) * QuaternionB(Q2)
- Quaternion A(02) * Quaternion B(01)
" Quaternion A(Q3) * Quaternion B(QO)
" Quaternion-A(QO) * Quaternion-B(Q3);

return Quat_C;

end H"

3.3.6.9.10.3.7 UTILIZATION OF OTHER ELEMENTS

'9. None.

3.3.6.9.10.3.8 LIMITATIONS

None.

WWI
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package body QuaternionOperations is

function QuaternionComputed From EulerAngles
(EulerAngles :EulerAngleVectors)
return QuaternionVectors is separate;

function NormalizedQuaternion (Quaternion :Quaternion Vectors)
return Quaternion Vectors is separate;

pragma PAGE;
function "1*" (Quaternion A : Quaternion Vectors;

Quaternion-B : Quaternion Vectors)
return QuaternionVectors is

QuatC :Quaternion Vectors;

begin

AQuatC(QO) QuaternionA(QO) * QuaternionB(QO)
-QuaternionA(Q1) * Quaternion-B(Ql)
-QuaternionA(Q2) * Quaternion B(02)
-Quaternion_-A(Q3) * Quaternion-B(Q3);

QuatC(Q1) := QuaternionA(Q2) * Quaternion B(03)
- upternionA(Q3) * QuaternionB(Q2)

+ QuaternionA(00) * Quaternion B(01)
+ QuaternionA(Q1) * Quaternion-B(QO);

QuatC(Q2) QuaternionA(Q3) * Quaternion B(01)
-QuaternionA(Ql) * Quaternion-B(Q3)

+ QuaternionA(02) * Quaternion-B(QO)
+ QuaternionA(00) * QuaternionB(Q2);

QuatC(Q3) QuaternionA(Q1) * Quaternion B(Q2)
- Quaternion_-A(02) * Quaternion-B(O1)
+ QuaternionA(Q3) * Quaternion-B(QO)
+ QuaternionA(QO) * Quaternion-B(Q3);

return Quat C;

endtt1

end Quaternion_Operations;
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separate (OuaternionOperations)

function QuaternionComputedFromEulerAngles
(Euler_Angles : Euler AngleVectors)
return QuaternionVectors is

Quaternion : QuaternionVectors;

Cos Psi Div 2 : Sin Cos-Ratio;
Cos TheTa DIv 2 : Sin-Cos Ratio;
Cos-Phi DIv 2- : Sin-Cos-Ratio;
Sin Psi Div 2 : Sin Cos-Ratio;
Sin TheTa Div 2 : Sin-Cos-Ratio;
SinPhi_Div_2 : Sin CosRatio;

begin

Sin Cos( Euler Angles(Psi) * 0.5, Sin Psi Div 2, Cos Psi Div 2 );
Sin Cos( Euler Angles(Theta) * 0.5, Sin -Theta Dlv 2, Cos-Theta Dlv 2 );
SinCos( EulerAngles(Phi) * 0.5, SinPhi_Div_2, CosPhi_Div_2);

Quaternion(QO) := Cos PsiDiv 2 * Cos Theta Div 2 * Cos Phi Div 2
+ Sin-PsiDiv_2 * SinThetaDiv_2 * Sin PhiDiv_2;

Quaternion(Ql) := Cos Psi Div 2 * Cos Theta Div 2 * Sin Phi Div 2
Sin-Psi-Div-2 * Sin-Theta-Div-2 * Cos-Phi-Div-2;

Quaternion(02) := Cos Psi Div 2 * SinTheta Div 2 * Cos Phi Div 2
+ SinPsiDiv-2 * CosThetaDiv_2 * SinPhiDiv_2;

Quaternion(03) := Sin Psi Div 2 * Cos Theta Div 2 * Cos Phi Div 2
- Cos Psi Div-2 * Sin-Theta-Div-2 * SinPhi-Siv-2;

return Quaternion;
end QuaternionComputed_FromEulerAngles;

[f-
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separate (Quaternion_Operations)

function Normaiized Quaternion (Quaternion :QuaternionVectors)
return Quaternion Vectors is

Factor :Real;
Answer :QuaternionVectors;

begin

Factor Real( 1.5 -((Quaternion(OO) * Quaternion(QO))
+(Quaternion(Q1) * Quaternion(Q1))
+(Quaternion(Q2) * Quaternion(Q2))
+(Quaternion(Q3) * Quaternion(Q3)))
*SinCosRatio(O.5));

Answer(QO) Quaternion(QO) *Factor;
Answer(Q1) :=Quaternion(Q1) *Factor;
Answer(Q2) Quaternion(Q2) *Factor;
Answer(Q3) Quaternion(Q3) *Factor;

return Answer;

end NormalizedQuaternion;
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WRIGHT LABORATORY (AFSC)

EGUN AIR FORCE BASE, FLORIDA. 32542-5434

REPLY TO
AITNOF- MO1 13 Feb 92

SUBJECT Removal of Distribution Statement and Zxport-Control Warning Notices

TO: Defense Technical Information Center
ATIfl: D'TC/HAR (Mr William Bush)
Bldg 5, Cameron Station
Alexandria, VA 22304-6145

1. The following technical reports have been approved for public release by

the local Public Affairs Office (copy attached).

Technical Report Number AD Number

1. 88-18-Vol-4 ADB 120 251
?. 88-18-Vol-5 ADB 120 252
3 88-18-Vol-6 ADB 120 253

-A. 88-25-Vol-1 zDB 120 309
5. 88-25-Vol-2 ADB 120 310

(. 88-62-Vol-1 ADB 129 568
7. 88-62-Vol-2 ADB 129 569
%. 88-62-Vol-3 ADB 129-570

9. 85-93-Vol-1 ADB 102-654--
i-. 85-93-Vol-2 ADB 102-655
4k. 85-93-Vol-3 ADB 102-656

42. 88-18-Vol-i ADB 120 248
IS. 88-18-Vol-2 ADB 120 249
44. 88-18-Vol-7 ADB 120 254
iS. 88-18-Vol-8 ADB 120 255-
i4. 88-18-Vol-9 ADB 120 256
17.88-18-Voi-i0 ADB 120 257*
M .88-18-Vol-ii ADB 120 258
19.88-18-Vol-12 ADB 120 259

2. If you have any questions regarding this request call me at DSN 872-4620.

fic 1 Atch
Chief, Scientific ad Technical AFDTC/PA Ltr, dtd 30 Jan 92

Information Branch

ERAT
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public release: AFATL-TR-88-18 (Volumes 1 & 2), AFATL-TR-88-18 (Volumes
4 thru 12), AFATL-TR-88-25 (Volumes 1 & 2), AFATE-TR-88-62 (Volumes 1 thru 3)
and AFATr-TR-85-93 (Volumes 1 thru 3).

14. PRIBYLA, Lt Col,
Chief of Public Affairs
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